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Abstract 
In the following thesis, nanographene model systems, in particular functionalized hexa-peri-
hexabenzocoronenes (HBCs), were investigated. The peripheral attachment of porphyrins to 
HBCs permitted to study the electronic characteristics of these systems, due to the porphyrins’ 
absorption features in the visible spectrum, by optical spectroscopic methods. Conjugates, in 
which one or more porphyrins are covalently linked to a central HBC core, were therefore 
prepared within this project. 
In the first part of this thesis, the synthesis of porphyrin-hexaphenylbenzenes (HPBs), which 
are suitable precursors for the preparation of the respective HBC derivatives, is described. 
Particularly, statistical mixed cyclotrimerization reactions between two different tolane starting 
materials were investigated (publication P1). With this approach, a library of porphyrin-HPBs 
was prepared with less effort in synthesis, however, at the price of purification and separation 
difficulties. The photophysical properties were investigated by UV-vis absorption and emission 
spectroscopy, which showed slight variations, e.g., in the position and shape of the porphyrins’ 
B-band absorption. Furthermore, the solid-state behavior was studied by single crystal X-ray 
diffraction (XRD) experiments. 
As not all isomers could be obtained purely by the mixed cyclotrimerization procedure, more 
selective synthetic strategies were desirable. The series of bis-porphyrin functionalized HBCs, 
which is of particular importance, was therefore prepared based on a HPB post-
functionalization approach (publication P2). For that, bis-halogenated HPBs, in which two 
iodine atoms are attached in an ortho, meta and para geometry, were prepared and 
transformed to the respective HBC derivatives. Subsequent Suzuki cross-coupling reaction 
between the bis-iodo-HBCs and a suitable boronic-ester-porphyrin yielded the desired bis-
porphyrin functionalized HBCs, which were studied with respect to their electronic 
communication properties. Next, porphyrin-HBCs with a higher degree of porphyrin-
substitution were targeted (publication P3). For that, multiple-porphyrin substituted HPBs were 
prepared as precursor molecules via standard Diels-Alder as well as cyclotrimerization 
reactions. The transformation to the respective HBC derivatives worked well with HPB 
conjugates, bearing up to three porphyrins. If more porphyrins are connected to the central 
HPB, Scholl-type oxidations are hindered or completely suppressed. Porphyrin-HBCs having 
more than three porphyrins attached therefore needed to be synthesized using a different 
strategy. For example, a hexa-porphyrin substituted HBC could not be prepared by a Scholl 
oxidation of the respective HPB precursor. Instead, it had to be synthesized by first pre-forming 
the HBC core followed by introducing the porphyrins in a Suzuki-type reaction. All products 
were fully characterized, including XRD, if possible. The photophysical properties of all 
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porphyrin-HBCs were investigated by UV-vis absorption and emission spectroscopy. 
Depending on the number of porphyrins as well as on the respective substitution pattern, 
variations in their absorption features with strong distortions of the porphyrins’ B-band were 
observed.  
In the last part of this thesis, modified versions of porphyrin-HBCs were prepared, in which, for 
example, the two chromophoric units, porphyrin and HBC, are not directly linked to each other 
(publication P4). Particularly, they were linked via a central hexaarylbenzene (HAB) core that 
resulted, due to an ortho substitution pattern at the HAB, in a spatial close proximity of the two 
chromophores. The concept of chromophore substituted HBCs was further expanded by the 
synthesis of HBC conjugates that are functionalized by two different chromophores in an ortho 
arrangement (publication P5). Naphthalene-diimide as well as perylene-diimide functionalized 
porphyrin-HBCs were prepared by Diels-Alder- and Scholl-type chemistry. UV-vis absorption 
and emission spectroscopy showed strong electronic interaction between all three p-systems 
such as energy transfer processes between the rylene-diimide and the porphyrin units. 
Zusammenfassung 
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Zusammenfassung 
In der folgenden Arbeit wurden Nanographen-Modellverbindungen, genauer gesagt Hexa-
peri-hexabenzocoronene (HBCs), untersucht. Das periphere Anbringen von Porphyrinen an 
HBCs ermöglicht es, diese Systeme, bedingt durch das Absorptionsverhalten der Porphyrine 
im sichtbaren Bereich des Lichtspektrums, mit Hilfe von optisch-spektroskopischen Methoden 
zu untersuchen. Dafür wurden HBCs, die mit einem oder mehreren Porphyrinen kovalent 
funktionalisiert sind, hergestellt.  
Im ersten Teil dieser Arbeit wird die Synthese von Porphyrin-Hexaphenylbenzolen (HPBs), die 
als geeignete Vorstufen für die Herstellung der jeweiligen HBC Verbindungen dienen sollen, 
beschrieben. Insbesondere wurde die Synthese von Porphyrin-HPBs durch statistische 
gemischte Cyclotrimerisierungsreaktionen von zwei verschiedenen Tolan-Edukten realisiert 
(Publikation P1). Mit diesem Ansatz konnte mit geringem synthetischen Aufwand eine große 
Auswahl an Porphyrin-HPB Verbindungen hergestellt werden. Jedoch hat dies den Nachteil, 
dass die Aufreinigung und Trennung der Produkte mit einem größeren Aufwand verbunden 
ist. Die photophysikalischen Eigenschaften wurden mit UV-vis Absorptions- und Fluoreszenz-
spektroskopie untersucht und zeigten geringe Veränderungen, die sich zum Beispiel in der 
Position und Form der Porphyrin B-Bande widerspiegelten. Des Weiteren konnte ein Einblick 
in das Verhalten dieser Moleküle in der festen Phase durch Röntgenstrukturanalysen von 
Einkristallen erhalten werden. 
Da nicht alle Isomere mit Hilfe des gemischten Cyclotrimerisierungsansatz separat isoliert 
werden konnten, wurde nach alternativen Synthesewegen, die selektiv ein gewünschtes 
Produkt erzeugen, gesucht. Die Serie der bis-Porphyrin-funktionalisierten HBCs, die von 
besonderer Wichtigkeit ist, wurde deshalb basierend auf einem HPB post-Funktionalisierungs-
ansatz synthetisiert (Publikation P2). Dafür wurden bis-halogenierte HPBs, an denen zwei Iod-
atome in ortho, meta und para Geometrie zueinander stehen, hergestellt und in die jeweiligen 
HBCs umgewandelt. Zum Schluss konnten die bis-Iodo-HBCs in einer Suzuki-Reaktion mit 
dem passenden Borsäureester-Porphyrin zu den gewünschten bis-Porphyrin-HBC Konjugaten 
reagieren. Diese wurden mit Blick auf die elektronischen Kommunikationseigenschaften 
untersucht. Als nächstes wurden Porphyrin-HBCs mit einem höheren Porphyrinanteil anvisiert 
(Publikation P3). Hierfür wurden zuerst mehrfach-Porphyrin substituierte HPBs als Vorstufen 
über Diels-Alder- und Cyclotrimerisierungsreaktionen hergestellt. Die Umwandlung zu den 
jeweiligen HBC-Derivaten funktionierte gut mit HPBs, die mit nicht mehr als drei Porphyrinen 
funktionalisiert sind. Wenn jedoch mehr Porphyrine am zentralen HPB gebunden sind, ist die 
Scholl-Oxidation gehindert oder funktioniert überhaupt nicht. Deswegen sollten Porphyrin-
HBCs, die mehr als drei Porphyrine beinhalten, über andere Synthesestrategien hergestellt 
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werden. Zum Beispiel war es nicht möglich, das hexa-Porphyrin-substituierte HBC über eine 
Scholl-Reaktion der HPB Vorstufe zu erhalten. Stattdessen musste zuerst der HBC Kern 
vorgeformt werden bevor die Porphyrine mit einer Suzuki-Reaktion an das HBC gehängt 
werden konnten. Alle Produkte wurden komplett charakterisiert und wenn möglich auch mit 
Hilfe von Röntgenstrukturanalysen. Die photophysikalischen Eigenschaften aller Porphyrin-
HBCs wurden mit UV-vis Absorptions- und Fluoreszenzspektroskopie untersucht. In 
Abhängigkeit von der Anzahl der Porphyrine aber auch von deren Substitutionsmuster am 
HBC wurden unterschiedliche spektrale Eigenschaften, wie zum Beispiel starke Verzerrungen 
der Porphyrin B-Bande, beobachtet. 
Im letzten Teil dieser Arbeit wurden modifizierte Varianten von Porphyrin-HBCs hergestellt. 
Zum Beispiel wurden die beiden Einheiten Porphyrin und HBC nicht direkt miteinander 
verbunden (Publikation P4). Stattdessen wurden sie über eine Hexaarylbenzol (HAB) Einheit 
verbrückt, die durch ein ortho Substitutionsmuster dazu führte, dass die beiden Chromophore 
in einer räumlichen Nähe zueinander stehen. Das Konzept der Chromophor-substituierten 
HBCs wurde weiter entwickelt durch die Synthese von HBC-Konjugaten, die mit zwei 
unterschiedlichen Chromophoren in einer ortho Geometrie funktionalisiert sind (Publikation 
P5). Hierfür wurden Naphthalen-diimid- und Perylen-diimid-substituierte Porphyrin-HBCs über 
Diels-Alder- und Scholl-Reaktionen synthetisiert. UV-vis Absorptions- und Fluoreszenz-
spektroskopie zeigte, dass starke Wechselwirkungen zwischen allen drei p-Systemen 
vorhanden sind. Zum Beispiel konnten Energietransfer-Prozesse zwischen den Rylen-diimid 
und den Porphyrin Einheiten beobachtet werden.
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1 Nanographenes – State of the Art 
Polycyclic aromatic hydrocarbons (PAHs) are molecules that consist of fused, conjugated 
aromatic rings based only on carbon and hydrogen atoms.[1] Since the pioneering contributions 
of R. Scholl[2-5] and E. Clar[6] in the first half of the 20th century, PAHs were intensively 
investigated and used in a broad field of applications. The PAH family ranges from smaller 
members, consisting of only a few fused rings, e.g., phenanthrene and perylene, to larger 
derivatives that can reach nanometer sized dimensions. The ones in the nanometer region 
have especially received tremendous attention in the previous two decades due to their unique 
electronic, thermal and mechanical properties,[7-10] as well as due to their resemblance to 
graphene[11-14]. PAHs exceeding a certain size (> 1 nm) can be regarded as small fragments 
of the hexagonal graphene lattice and therefore are also referred to as “nanographenes” 
(NGs).[13] The chemical and electronic properties of nanographenes, however, vary 
significantly from graphene, due to a size difference of several orders of magnitude. Thus, 
nanoscale graphene segments feature, in contrast to infinite graphene, non-zero bandgaps, 
which are mainly governed by their size and edge configuration.[9, 15-16] In general, 
nanographenes should only be considered as model compounds but not as equivalents of 
graphene. The terminology of graphene nanostructures that was defined by X. Feng and K. 
Müllen in 2012[13] is given in the schematic illustration in Figure 1. 
 
 
Figure 1. Graphene terminology defined according to their size by X. Feng and K. Müllen et al.[13] Reprinted with 
permission from “L. Chen, Y. Hernandez, X. Feng, K. Müllen, Angew. Chem. Int. Ed. 2012, 51, 7640-7654” 
Copyright 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. 
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1.1 Development of Nanographene Chemistry 
The first steps of modern PAH chemistry were already set by R. Scholl at a time when the term 
“nanographene” did not exist yet. His seminal work on cyclodehydrogenation reactions,[2-4] 
which are nowadays known as “Scholl oxidations”, has shaped PAH chemistry for already 
more than a century. In 1910, for example, R. Scholl reported the first synthesis of perylene, 
starting from naphthalene as well as 1,1’-binaphthyl (Scheme 1).[3] Under harsh reaction 
conditions, using neat AlCl3 as well as high temperatures, perylene was obtained, however, 
only in poor yields. 
 
Scheme 1. First synthesis of perylene by R. Scholl in 1910.[3] 
E. Clar, a former PhD student of R. Scholl, achieved the synthesis of numerous PAHs[6] and is 
very well known for his outstanding contributions to the PAH field. For example, he invented 
the famous Clar’s p-sextet rule[17-18] that allows to qualitatively predict the aromatic character 
of benzenoid species.[18] Clar’s rule defines that the resonance structure with the largest 
number of disjoint aromatic p-sextets is the most important one for determining the properties 
of PAHs.[18] As an example, the two structural isomers phenanthrene and anthracene and their 
resonance structures are depicted in Scheme 2. The more significant resonance structure for 
phenanthrene is highlighted, whereas for anthracene all mesomeric structures contribute 
equally to the aromatic character. 
 
Scheme 2. Example for Clar’s p-sextet rule: Resonance structures of phenanthrene and anthracene. The left 
resonance structure of phenanthrene is the more important one as it has two p-sextets (drawn in yellow). The outer 
rings in phenanthrene therefore have a larger local aromaticity than the central ring. For anthracene, all three 
resonance structures have only one p-sextet and are considered to be equal. The aromaticity in anthracene is 
therefore spread out. Additionally, a fourth possible resonance structure for anthracene can be drawn, in which the 
two outer rings have both p-sextets and the middle ring possesses two radicals (not depicted in this scheme). 
Although E. Clar had already prepared an impressive library of PAHs by the middle of the 20th 
century, the drastic reaction conditions, which were required for their synthesis, limited the 
scope of broad applications. A breakthrough of modern PAH chemistry was achieved in 1995, 
when the group of K. Müllen reported the successful synthesis of hexa-peri-
hexabenzocoronene (HBC) under modified Scholl conditions.[19] With the newly developed 
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protocol, it was possible to efficiently transform hexaphenylbenzene (HPB) precursors to the 
respective HBC derivatives under mild reaction conditions at room temperature (Scheme 3).[20-
21] As a result, an improved functional group tolerance as well as significantly better yields 
rendered this synthetic strategy superior to the initial syntheses of HBCs[22-25] and other PAHs. 
The reaction became very popular in the field of PAH chemistry and established itself as state 
of the art technique[26] towards wet-chemically produced carbon-rich materials.[1, 7, 10, 13] 
 
Scheme 3. Synthesis of tert-butyl functionalized HBC 7 via modified Scholl conditions. The attachment of tert-butyl 
groups to the HBC significantly enhances the solubility in common organic solvents. 
Oligophenylenes, such as HPBs and derivatives thereof, have proven to be excellent 
precursors for the transformation to the respective HBC analogues as they are readily available 
via standard [4+2] Diels-Alder or [2+2+2] cyclotrimerization reactions (Scheme 4). Attractive 
features, such as a low number of synthetic steps as well as high product yields, have qualified 
these two reactions as the method of choice for HPB syntheses. One drawback of Diels-Alder 
and cyclotrimerization reactions is, however, that only a restricted number of substitution 
geometries at the HPB can be accessed. A hot topic of current research is therefore the 
development of novel synthetic strategies towards HPBs with uncommon substitution 
patterns.[27-31] 
 
Scheme 4. Typical syntheses of HPBs via Diels-Alder and [2+2+2] cyclotrimerization reactions. R = solubilizing 
alkyl group, e.g., tert-butyl or C12H25. 
The family of graphene molecules quickly expanded to larger systems, which can be prepared 
in a logical sequence of Diels-Alder, cyclotrimerization and Scholl reactions. As an example, 
the synthesis of the largest, wet-chemically prepared, well defined nanographene sheet is 
presented in Scheme 5. Selective twofold Diels-Alder reaction with the terminal acetylenes of 
11, followed by a cyclotrimerization reaction of the remaining inner alkyne group yielded 
-
1 Nanographenes – State of the Art 
 4 
oligophenylene 14, which was subsequently transformed to the D6h symmetric C222 graphene 
fragment 15.[32-33] This graphene molecule with a disc diameter of 3.2 nm consists of 37 
separate benzene units and is, due to strong intermolecular p-p interactions, insoluble in 
organic solvents. The characterization of 15 was therefore limited to MALDI-ToF spectrometry 
as well as UV-vis absorption spectroscopy.[32] 
 
Scheme 5. Synthesis of the largest wet-chemically synthesized nanographene C222.
[32-33] 
With this approach, nanographene systems having varying size and shapes, e.g., hexagonal, 
triangular or linear ribbon like structures, have been synthesized (compare Figure 2). The 
inhibiting factor during their preparation is, however, that unsubstituted nanographene 
molecules like C222 are not or only sparingly soluble in common organic solvents. Their 
synthesis, purification as well as characterization are therefore inherently more difficult. To 
circumvent this issue, solubilizing, bulky alkyl substituents, which prevent intermolecular p-p 
aggregation, are introduced to the periphery of the carbon p-systems.[13] Especially, smaller 
nanographene sheets, like HBCs or similar sized derivatives, benefit from the high solubilizing 
features, for example through substitution with tert-butyl groups as shown in Scheme 3. 
 
Figure 2. Graphene lattice with literature known nanographenes[32-36] drawn in bold.  
-
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The one-dimensional expansion of nanographenes leads to graphene strips, which are called 
graphene nanoribbons (GNRs). GNRs are generally defined as nanographene segments with 
a length to width aspect ratio of larger than 10 and a width of less than 10 nm.[10, 13] Due to 
their narrow shape, GNRs possess, in contrast to graphene, a bandgap that is defined by their 
width and edge structure.[37] High control with atomic precision over the size and edge structure 
of GNRs, thus about their characteristics, is therefore crucial. Several synthetic strategies for 
the preparation of GNRs, such as “top-down” approaches like the lithographic cutting of 
graphene sheets[37] or the unzipping of carbon nanotubes,[38-39] have been developed. These 
“top-down” approaches, however, are incapable of precise structural control, which leads to 
GNRs with fluctuating properties. To reliably prepare GNRs, “bottom-up” strategies based on 
organic chemistry are required. Starting from small building blocks, the “bottom-up” synthesis 
allows the formation of structurally well-defined GNRs, using similar synthetic protocols that 
were already developed for the preparation of graphene molecules and nanographenes. For 
that, longitudinally extended polyphenylenes have been prepared in polymerization reactions 
and transformed to the respective GNRs using Scholl conditions.[40] The first successful 
example was presented in 2008, in which GNRs were synthesized based on a Suzuki 
polymerization reaction between the two building blocks 16 and 17 (Scheme 6a). After Scholl 
transformation, linear GNRs 19 with a length of up to 12 nm were obtained, which were, due 
to bulky alkyl chains (R) in the periphery, highly soluble in organic solvents.[41] Although Suzuki-
type polymerization reactions allowed the preparation of several structurally defined GNRs,[10, 
42] the longitudinal extension was still limited. Factors such as a high steric hindrance between 
the coupling partners as well as the necessity of two different reaction partners, which might 
cause stoichiometric problems, hamper the efficiency of the polymerization reaction. To avoid 
potential stoichiometric issues, homocoupling reactions, based on only one building block, 
were tested. In particular, Yamamoto-type polymerization reactions have proven to be well 
suited for the preparation of GNRs, which yielded, for example, GNRs 20 with an improved 
length of around 20 nm in 2012 (Scheme 6b).[43] The breakthrough in wet-chemically 
synthesized GNRs, however, was achieved in 2014 by using traditional polyphenylene 
synthesis. After several attempts, starting already in 2000,[44-45] Diels-Alder-type polymerization 
reactions were able to prepare GNRs with unprecedented lengths. The reaction of tetracyclone 
building block 23 yielded, upon simple heating and without the need of any co-reactant or 
catalyst, polyphenylene precursors that were transformed to the respective GNRs 25 with 
lengths of up to 600 nm (Scheme 6c).[42, 46-47] Owing to the simple reaction conditions and the 
good dispersibility of GNRs 25 in common organic solvents, the synthesis can be readily 
scaled up to gram quantities.[46] 
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Scheme 6. The three main reactions that were used for the synthesis of wet-chemically produced GNRs: a) Suzuki, 
b) Yamamoto, c) Diels-Alder. R = solubilizing alkyl group. Details can be extracted from the respective references.[41, 
43, 46-47] 
As shown in the examples above, the width and edge structure of GNRs can already be 
controlled precisely in solution-phase synthesis. Accurate length control of GNRs, however, 
still needs to be achieved. Other reaction types, based on living polymerizations, were 
therefore very recently successfully applied to the synthesis of GNRs.[48-49] Living 
polymerization is a special type of reaction, from which chain transfer and chain termination 
reactions during the polymerization process are absent.[50] As a consequence, polymer chains 
with a very similar length can be obtained via this method. In particular, two independent 
approaches were reported by the groups of F. Fischer[48] and K. Itami[49] in 2019, in which 
control over the GNR length was stated. The procedure of F. Fischer and co-workers is based 
on a ring-opening alkyne metathesis polymerization reaction that has shown to be well suited 
for the preparation of GNRs with a predetermined length (Scheme 7a).[48] The other approach 
by the group of K. Itami achieves control over the GNR length by using a living annulative p-
extension[51] polymerization technique that is based on direct C-H arylation reactions 
(Scheme 7b).[49]  
-
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Scheme 7. Synthesis of GNRs 29, 33 based on living polymerization reactions. a) Ring-opening alkyne metathesis 
polymerization.[48] b) Annulative p-extension polymerization.[49] R = solubilizing alkyl group. Details can be extracted 
from the respective references.[48-49] 
In 2010, the growth of structurally perfect GNRs on metal surfaces under ultrahigh vacuum 
conditions was reported,[52] which represents the start of a non-solution phase GNR 
preparation method. As the majority of GNRs have only limited solubility and thus cannot be 
characterized using standard techniques, the surface synthesis protocol offers in situ 
identification of the reaction products with atomic resolution using scanning tunneling 
microscopy (STM).[10] With this complementary approach, the synthesis, visualization and 
direct characterization of novel GNRs is possible using modern surface science techniques. 
As an example, the synthesis of GNRs 36 and the respective STM images of the product are 
shown in Scheme 8 and Figure 3, respectively. The reaction proceeded in two steps: After the 
deposition of the 10,10’-dibromo-9,9’-bianthryl 34 precursors onto the gold surface, an aryl-
aryl homocoupling reaction between the bianthryl units was induced at a temperature of 200 °C 
leading to linear polymers. Further heating to 400 °C initiated the intramolecular 
cyclodehydrogenation reaction, hence forming GNRs 36.[52] The length of the produced GNRs 
is typically rather short (< 50 nm) as already at the homocoupling temperature partial 
cyclodehydrogenation can occur. Atomic hydrogen is thereby released that can terminate the 
polymerization reaction.[53-54] Using lower temperatures during the polymerization step, and 
therefore decreasing the chance of cyclodehydrogenation at the homocoupling stage, has 
been used as a strategy to obtain longer GNRs.[54] 
-
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Scheme 8. Surface supported synthesis of GNRs 36 starting from 10,10’-dibromo-9,9’-bianthryl 34.[52] 
 
Figure 3. STM images after successful cyclodehydrogenation reaction at 400 °C. c) Overview STM image with 
higher-resolution STM image shown in inset. e) High-resolution STM image with partly overlaid molecular model 
(blue, DFT based STM simulation). For further details see reference.[52] Reprinted/adapted by permission from 
Mcmillan Publishers Ltd: Nature (“Atomically precise bottom-up fabrication of graphene nanoribbons”, J. Cai, P. 
Ruffieux, R. Jaafar, M. Bieri, T. Braun, S. Blankenburg, M. Muoth, A. P. Seitsonen, M. Saleh, X. Feng, K. Müllen, 
R. Fasel, Nature 2010, 466, 470-473), Copyright (2010). 
Soon, the concept of surface assisted GNR synthesis expanded, yielding GNRs with different 
shapes, widths and edge structures as well as heteroatom doped ones.[55-58] The potential of 
this concept was shown in 2016, when the first preparation of GNRs 39 with a zigzag edge 
topology was presented (Scheme 9, Figure 4).[59] As the properties of zigzag GNRs were 
predicted to be significantly different from their armchair derivatives and highly anticipated for 
applications in nano-electronic devices,[10] their synthesis was long-awaited and represents an 
important step for graphene based material research. By using suitable precursors like 37 and 
applying similar surface science chemistry as in the previous example, zigzag GNRs 39 were 
obtained in a two-step procedure. 
 
 
Scheme 9. Surface supported synthesis of GNRs 39 with a zigzag edge structure.[59] 
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Figure 4. a), b) STM images before (left) and after (right) thermally induced cyclodehydrogenation reaction. Insets 
show high resolution STM images. c) Constant height nc-AFM frequency shift image taken with a CO functionalized 
tip. A CH2 defect is shown in the lower left corner. For further details see reference.
[59] Reprinted/adapted by 
permission from Mcmillan Publishers Ltd: Nature (“On-surface synthesis of graphene nanoribbons with zigzag 
edge”, P. Ruffieux, S. Wang, B. Yang, C. Sánchez-Sánchez, J. Liu, T. Dienel, L. Talirz, P. Shinde, C. A. Pignedoli, 
D. Passerone, T. Dumslaff, X. Feng, K. Müllen, R. Fasel, Nature 2016, 531, 489-492), Copyright (2016). 
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1.2 Modern Nanographene Chemistry 
Almost 35 years after the discovery of buckminsterfullerenes,[60] which marked the beginning 
of an era of synthetic carbon allotropes,[61] the interest in discovering new forms of carbon is 
still unabated.[62-63] After the discovery of fullerenes[60] in 1985, carbon nanotubes[64] in 1991 
and graphene[11] in 2004, scientists aim to find further allotropes of carbon. Only very recently, 
a new form of carbon, a cyclic sp-hybridized cyclo[18]carbon molecule was confirmed as a 
member of the carbon allotrope family.[65] Generally, the diversity of carbon-based materials 
has considerably expanded in recent years, due to novel and powerful synthetic protocols. For 
example, progress in the synthesis of planar nanographenes featuring, e.g., synthetically 
challenging shapes but also in the preparation of non-planar, twisted or helical carbon p-
systems, was achieved. Herein, a brief overview about recent developments in nanographene 
chemistry will be given and discussed at several selected examples. Although established 
methodologies for the synthesis of nanographenes already exist, new synthetic strategies are 
currently developed. Yet-unknown molecules can be therefore accessed, which is of practical 
and fundamental importance. An approach that is based on the p-extension of PAHs has 
emerged as a powerful and efficient method and was realized by several research groups.[51, 
66-67] One example by the group of K. Itami was already briefly discussed in chapter 1.1 
(Scheme 7b), in which GNRs were prepared in a p-extension polymerization reaction. 
Similarly, unfunctionalized PAHs featuring a K-region can be selectively extended in a one-
step annulative p-extension reaction.[68] With this method, for example, the p-system of 
chrysene 40 can be considerably enlarged in a twofold reaction at both K-regions 
(Scheme 10).[68] The intermediate 42 immediately reacts under the given reaction conditions 
in a Scholl-type cyclodehydrogenation reaction to the product 43. The p-extension of K-regions 
is currently under further investigation by the Itami group as it has an immense potential for 
applications in the precise synthesis and late stage functionalization of unfunctionalized 
nanographenes.[68] 
 
Scheme 10. Twofold annulative p-extension of chrysene 40 with the diiodobiaryl unit 41 by K. Itami et al.[68] 
Another approach to selectively enlarge the p-system of PAHs and nanographenes is based 
on alkyne units used in benzannulation reactions.[67] Amongst several research groups,[67, 69-70] 
W. Chalifoux et al. investigated this concept to prepare extended PAHs and nanographenes, 
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particularly benzannulations involving multiple reaction steps. As a result, nanographenes, 
which were previously difficult to obtain, can be reliably produced with this method. For 
example, molecules like extended pyrenes (peropyrenes, teropyrenes) but also highly 
contorted and/or sterically hindered ones are easily accessible. With these reactions a large 
thermodynamic driving force on accounts of the high energy alkynes is responsible for the 
efficient formation of new C-C bonds.[71] As an example, the synthesis of nanographenes 45 
and 48 via a fourfold (a) and domino-like (b) benzannulation reaction is depicted in 
Scheme 11.[71-72] 
 
Scheme 11. Synthesis of irregular nanographenes 45, 48 via benzannulation reactions by W. Chalifoux et al.[71-72] 
Ar = electron-rich aryl. 
A similar approach, which was reported by the group of K. Amsharov, uses an aromatic 
aldehyde functionality instead of an alkyne unit to extend the p-system. The procedure is based 
on a one-step reductive intramolecular cyclization reaction and allows the preparation of 
nanographenes with, e.g., zigzag edge structures, which are otherwise difficult to obtain.[73] As 
an example, the fourfold dehydrative p-extension reaction of 49 is shown in Scheme 12, giving 
facile access to the pristine nanographene 50.  
 
Scheme 12. Synthesis of nanographene 50 using dehydrative p-extension conditions by K. Amsharov et al.[73] 
PAHs and nanographenes with a non-planar topology have become increasingly popular 
amongst carbon-based material research.[74] The nanographenes’ out of planarity distortion 
can be achieved using several strategies. One approach, based on the introduction of non-
hexagonal rings into a 2D carbon network, is established for the fabrication of twisted 
nanographenes. Especially, the implementation of five-membered rings into hexagonal carbon 
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networks, which induces positive curvature, is well known and responsible for bent structures 
in molecules like coranulene or C60-fullerene. In recent years, however, more and more 
carbon-based molecules with a negative curvature, which can be obtained via the inclusion of 
seven- or eight-membered rings into the hexagonal carbon network, have been reported.[75] 
These negatively curved nanographenes are anticipated to serve as precursor molecules 
towards novel carbon allotropes such as the ones in Figure 5.[76]  
 
Figure 5. Two potential new carbon allotropes with a) octagons (orange) and b) heptagons (red) as well as 
pentagons (blue) incorporated into the carbon network. Reprinted with permission from “S. H. Pun, Q. Miao, Acc. 
Chem. Res. 2018, 51, 1630-1642” Copyright 2018 American Chemical Society. 
Amongst several research groups, Q. Miao et al. are highly productive in this field and have 
already produced an impressive library of negatively curved compounds.[76] Herein, two 
examples are shown (Figure 6, Scheme 13), which rely on standard Diels-Alder- and Scholl-
type chemistry. The challenging task at this point was the careful design and synthesis of the 
respective precursors 51 and 55.[77-78] Due to the heptagonal and octagonal rings incorporated 
into the hexagonal carbon network, the structures are extremely twisted, which is clearly 
visualized in the respective crystal structures of target compounds 54 and 57 in Figure 6. 
 
Figure 6. ORTEP representation of X-ray crystal structures of 54 and 57.[77-78] Eight and seven membered rings 
are highlighted in green. Alkyl-side chains and hydrogen atoms are omitted for clarity. Crystallographic data was 
obtained free of charge from The Cambridge Crystallographic Data Centre.[79] CCDC 1547446 (54), 1584279 (57). 
a) b)
Miao 2017 Miao 2018
54 57
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Scheme 13. Synthesis of twisted nanographenes, which contain an eight-membered (a) and two seven membered 
rings (b).[77-78] 
Another way to obtain non-planar nanographenes, without the need of introducing non-
hexagonal rings into the graphene carbon network, can be achieved by intramolecular steric 
repulsion, which deliberately leads to a twisting of the carbon surface. This can be done, e.g., 
by the ortho fusion of benzene or other aromatic rings, resulting in screw-shaped, helical 
molecules that are called helicenes.[80] Although helicenes are already known for more than 
100 years,[81] the combination with nanographenes was just recently discovered and is since 
then a flourishing area of research. As the helicity introduces a third dimension accompanied 
by chirality to the nanographenes, unique properties different to the ones of planar 
nanographenes are expected. Herein, three examples of helical-nanographenes are 
presented (Figure 7).[82-84] Several approaches of implementing a helical unit into  
nanographenes are possible, for example, K. Itami et al. introduced two [6]helicenes into a C58 
carbon network, which induced significant twisting of the structure.[82] Due to the presence of 
two helical units, three products were obtained, two enantiomers (M,M), (P,P) as well as a 
meso form (M,P). The group of K. Matsuda achieved to homogeneously extend the p-system 
throughout the complete helical system in a laborious synthesis, which yielded [7]helicene 59 
- a primary substructure of helical graphene.[83] Another approach, reported by Jux and co-
workers, is based on a fusion between two HBC units via a central furan ring, forming a p-
extended [7]helicene 60.[84] These helical-nanographenes show considerably different 
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photophysical properties to their planar analogues, for example, 60 is highly fluorescent with 
quantum yields of around 80%.[84] The twisting of the structure greatly enhances the solubility, 
which facilitates working with these compounds. Single crystals of all three discussed 
molecules could be grown, which were suitable for getting X-ray crystal structures (Figure 7). 
 
 
Figure 7. ORTEP representation of X-ray crystal structures of 58, 59 and 60.[82-84] The respective helicene moiety 
is highlighted in green. Hydrogen atoms are omitted for clarity. a) Only one of the two [6]helicenes is highlighted in 
green for clarity reasons. Crystallographic data of 58 and 59 was obtained free of charge from The Cambridge 
Crystallographic Data Centre.[79] CCDC 1412370 (58), 1585563 (59). Crystallographic data of 60 was obtained from 
the authors.[84] 
The above-mentioned examples are intended to give a quick insight into the current trends 
and developments of nanographene chemistry, but do not represent a complete list. Further 
examples of planar[85-89] as well as twisted/helical[90-99] nanographenes can be found in the 
current literature.
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1.3 Porphyrin-Nanographene Hybrid Materials 
One of the smallest and most frequently investigated representative of the nanographene 
family is HBC, which has a disc diameter of 1.4 nm and is built up of 42 carbon atoms.[13] Due 
to a high stability as well as facile preparation methods, HBC-based compounds have received 
particular attention amongst nanographene materials. As their properties can be easily tuned 
by functionalization of the periphery, HBCs are used in a broad field of applications. For 
example, physical properties such as the melting point or the solubility behavior can be 
manipulated by the introduction of alkyl substituents. Also, the electronic characteristics can 
be regulated, e.g., by the attachment of donor, acceptor or redox-active functional groups. 
Furthermore, combinations of chromophores and HBCs were investigated, for example, for 
applications in organic photovoltaic devices.[100] One of the first examples of HBCs covalently 
functionalized with chromophores is depicted in Scheme 14, in which perylene-monoimides 
(PMI) were directly attached to an HBC unit.[101] Depending on the Suzuki reaction conditions, 
mono-PMI functionalized HBC 63 as well as bis-PMI-HBC 64 were obtained. These systems, 
as well as other PMI and perylene-diimide (PDI) functionalized HBCs,[102-104] were investigated 
in terms of their donor-acceptor properties for organic solar cells.  
 
Scheme 14. Synthesis of directly linked PMI-HBC conjugates 63, 64 by K. Müllen and J. P. Rabe et al.[101] 
R = C12H25, Ar = 2,6-diisopropylphenyl.  
Another dye molecule that is well-suited as a partner for HBC is porphyrin. Due to the 
photophysical characteristics, featuring high extinction coefficients in the visible spectrum, 
porphyrins are widely used in light harvesting architectures.[105-113] W. Wong et al. were the first 
to prepare a fluorenyl linked porphyrin-HBC conjugate 67 (Scheme 15), which was intended 
to be a potential dye molecule for photovoltaic devices.[114] As a proof of principle, solar cells 
were successfully built with 67. The efficiency, however, was rather low and therefore no 
further investigations using fluorenyl bridged porphyrin-HBCs like 67 were conducted. Instead, 
N. Jux and co-workers started to work with directly linked porphyrin-HBCs, which are expected 
to feature, compared to the fluorenyl bridged derivatives by W. Wong et al., enhanced 
electronic interaction between both chromophores.  
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Scheme 15. Synthesis of the first porphyrin-HBC conjugate 67 by W. Wong et al.[114] R = C8H17, Ar = 3,5-di-tert-
butylphenyl. 
The first directly meso-connected conjugate, mono-porphyrin-HBC 72, was prepared in a 
statistical porphyrin condensation, followed by a Scholl-type oxidation step (Scheme 16).[115] 
Although no reports about Scholl oxidations of porphyrin-containing HPBs were known at this 
time, the transformation to the respective HBC derivative 72 proceeded smoothly without any 
structural impact on the porphyrin. Mono-porphyrin-HBC 72 showed, due to the direct meso-
linkage, strong electronic coupling between the chromophoric units and furthermore, an 
efficient energy transfer from the HBC to the porphyrin.  
 
 
Scheme 16. Synthesis of the first directly linked porphyrin-HBC conjugate 72 by A. Hirsch and N. Jux et al.[115] 
Ar = 3,5-di-tert-butylphenyl. 
Subsequently, the concept was expanded and porphyrins carrying several HBC substituents, 
such as bis-HBC-porphyrin 75 (Scheme 17), were prepared.[116] The introduction of tert-butyl 
groups to the HBCs’ periphery significantly increased the solubility of the product 75 but also 
allowed to start the porphyrin condensation reaction already with the HBC-aldehyde 73. In the 
previous case (Scheme 16), unsubstituted HPB-aldehyde 68 could not be used as the 
respective HBC derivative as its solubility in common organic solvents is too low. 
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Scheme 17. Synthesis of bis-HBC-porphyrin 75 with a trans arrangement of the HBC units by N. Jux et al.[116] 
Ar = 2,6-bis(methoxymethyl)-4-tert-butyl-phenyl. 
In contrast to the first examples of chromophore substituted HBCs, which were intended for 
applications in photovoltaic devices, meso-linked porphyrin-HBCs by Jux et al. were prepared 
with a more fundamental motive. They should particularly serve as precursor molecules 
towards (nano)graphene-porphyrin hybrid materials. Hybrids of graphene and porphyrin, also 
known as “graphyrin”, would represent a new material class that is anticipated to feature 
unprecedented chemical and physical properties. Major contributions towards graphyrin were 
achieved,[117-119] for example via the synthesis of a benzoporphyrin 76 that is substituted by 
four HBC units (Scheme 18). Successful transformation to graphyrins like 77, however, has 
not yet been achieved and is therefore a topic of current research. 
 
Scheme 18. Attempted synthesis of graphyrin 77 by N. Jux et al.[117-119] R = H or X (halogen atom). The hypothetical 
structure of 77 was calculated (semi-empirical, PM6). 
Recently, other research groups started to work with porphyrin-nanographene hybrids as well. 
F. Fischer and co-workers, for example, prepared a porphyrin that is substituted by two GNRs 
(Scheme 19).[120] The synthesis was achieved in a copolymerization reaction between an 
excess of alkyne-tetracyclone 78  and a bis-functionalized alkyne-porphyrin 79. After size 
exclusion chromatography, the desired product, a central porphyrin with longitudinally 
extended polyphenylene substituents in a trans arrangement, was obtained as a mixture that 
varies in the length of the substituents. The polyphenylene precursor was converted to the 
respective bis-GNR-porphyrin 80, which was, due to peripheral attached hexadecyl side 
76 77
calculated structure
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chains, well dispersible in common organic solvents. Photophysical studies revealed, similar 
to the examples of Jux et al., an efficient electronic communication between the GNRs and the 
central porphyrin. This time, however, an energy transfer from the porphyrin to the GNR units 
was observed, which was found for earlier presented HBC substituted porphyrins to happen in 
the opposite direction. 
 
Scheme 19. Synthesis of a bis-GNR substituted porphyrin 80 with a trans arrangement of the GNR units by F. 
Fischer et al.[120] R = C16H33, Ar = phenyl. 
The first breakthrough of implementing porphyrins to graphene was reported by the groups of 
W. Auwärter and J. Barth in 2016,[121] who were able to fuse porphyrins to the edges of 
graphene by a surface-assisted covalent coupling reaction (Scheme 20). For that, porphyrins 
were vapor deposited on a partially graphene-covered surface and a coupling reaction was 
induced by annealing the sample to 347 °C. Different binding motifs with up to four bonds 
between the porphyrins and graphene edges were observed by scanning probe techniques.  
 
Scheme 20. Top: Synthesis of a graphene sheet that is functionalized with a fused porphyrin by W. Auwärter, J. 
Barth and co-workers.[121] Bottom: STM and AFM data of one binding motif between the porphyrin and graphene. 
For further details see reference.[121] Reprinted/adapted by permission from Mcmillan Publishers Ltd: Nature 
Chemistry (“Fusing tetrapyrroles to graphene edges by surface-assisted covalent coupling” Y. He, M. Garnica, F. 
Bischoff, J. Ducke, M.-L. Bocquet, M. Batzill, W. Auwärter, J. V. Barth, Nature Chemistry 2017, 9, 33-38), Copyright 
2016. 
-
STM AFM laplace filtered model
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As surface-assisted reactions are accompanied by several drawbacks, such as a limited 
compatibility with standard characterization methods, wet-chemically procedures needed to be 
developed. Only two years later, the fusion of porphyrins to graphene edges was reproduced, 
but now using solution phase techniques. K. Müllen, A. Narita and co-workers were able to 
fuse an HBC-based nanographene once as well as twice to a porphyrin core using standard 
Scholl conditions (Scheme 21).[122] The key building block 84 featuring a zigzag edge structure 
that enables the fusion of the porphyrin had to be prepared in a cascade of reactions.[122] 
Suzuki-type cross-coupling of 84 with a halogenated porphyrin 85 yielded mono- and bis-
substituted porphyrins 86, 88 that were subsequently transformed into the respective 
porphyrin-fused-nanographene systems 87, 89. Due to the extended p-system of products 87, 
89 the absorption bands in the UV-vis-near-IR spectra were broad and largely red-shifted 
exceeding up to 1400 nm. These systems were, due to strong p-p interactions, however, only 
poorly soluble in common organic solvents. 
 
Scheme 21. Synthesis of fused porphyrin-nanographene hybrids 87, 89 by K. Müllen and A. Narita et al.[122] Ar = 
mesityl. 
In summary, porphyrin-nanographene hybrid materials, in which porphyrins are directly meso-
connected to several HBCs (Scheme 16 – 18), GNRs (Scheme 19) or even fused to 
(nano)graphene sheets (Scheme 20 – 21), have been recently prepared and showed 
interesting electronic properties such as strong electronic coupling. Systems the other way 
round, however, in which more than one porphyrin is directly connected to a central 
nanographene, have remained unknown up until this year.[123-125]  
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2 Aim of This Thesis 
The purpose of this thesis is to find synthetic routes that allow further expansion of the class 
of directly linked porphyrin-nanographenes. Particularly, the synthesis of nanographenes 
substituted by multiple porphyrins is targeted as these systems were unknown up until this 
year. Due to the strong intramolecular electronic coupling, it is expected that by the attachment 
of more than one porphyrin to a central nanographene additional electronic interaction between 
the porphyrins will occur. Therefore, depending on the size and structure of the nanographene 
but also on the substitution pattern as well as on the degree of substitution a varying strength 
of electronic coupling between the porphyrins is anticipated. Due to the porphyrins’ absorption 
features in the visible spectrum, electronic characteristics of porphyrin-nanographene hybrids 
will be probed using photophysical techniques. This in turn would also allow to study indirectly 
the electronic properties of nanographenes themselves. The general concept of this work is 
shown exemplarily in Figure 8.  
 
Figure 8. General idea of this thesis, in which the electronic communication ability between two or more porphyrins 
via a central nanographene p-system should be investigated. 
Within this thesis, HBC will be used as the central nanographene unit and functionalized by 
several porphyrins. To gain access to multiple-porphyrin substituted HBCs, new synthetic 
procedures have to be investigated. In particular, the synthesis and characterization of the 
following target compounds is of importance and will be discussed: 
1) Porphyrin-HPBs as potential precursors towards porphyrin-HBCs 
2) Multiple-porphyrin functionalized HBCs to study the effects of the substitution pattern as 
well as the influence of the functionalization degree 
3) Combination of porphyrin-HBCs with further chromophores and other functional groups to 
extend the concept to more complex systems
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2.1 Porphyrin-Hexaphenylbenzenes 
Publication: M. M. Martin, M. Dill, J. Langer, N. Jux, “Porphyrin-Hexaphenylbenzene Conjugates via Mixed 
Cyclotrimerization Reactions”, J. Org. Chem. 2019, 84, 1489 – 1499. 
 
As porphyrin-HPBs, in which one or more porphyrins are directly meso-connected to a central 
HPB scaffold, are expected to be suitable precursors for the preparation of multiple-porphyrin-
HBCs, the options for their synthesis are important within this thesis. Porphyrin-HPBs were 
first reported in 2002 and can be prepared by different approaches. Their initial synthesis was 
conducted via a transition metal catalyzed cyclotrimerization reaction of a bis-porphyrin-tolane 
90, which yielded hexa-porphyrin functionalized HPB 92 (Scheme 22).[126-127] Further 
procedures such as the Diels-Alder approach[128] that relies on a [4+2] cycloaddition between, 
e.g., a tetracyclone 12 and a bis-porphyrin tolane 91, were developed but also already pre-
formed HPBs like 68 were used in statistical porphyrin condensation reactions[115]  to yield 
porphyrin functionalized HPBs. With these synthetic tools, complex architectures were 
developed,[129-135] which were used, for example, as model compounds for mimicking crucial 
processes of photosynthesis.  
 
Scheme 22. Literature known approaches towards the synthesis of porphyrin-HPBs.[115, 126-128] Ar = 3,5-di-tert-
butylphenyl or mesityl. 
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In the first part of this thesis, the possibilities for a fast and efficient synthesis of directly linked 
porphyrin-HPB conjugates will be investigated. To obtain a detailed understanding about the 
effects of the substitution pattern and degree of substitution a library of compounds is required. 
Especially, the three geometrical isomers ortho-, meta-, para-bis-porphyrin-HPBs 98, 99, 100 
(Figure 9) are of interest as they allow a direct correlation of photophysical characteristics with 
the substitution pattern. The higher substituted derivatives (> 2) are important as well because 
with them, the effects of the substitution degree can be studied. A mixed statistical 
cyclotrimerization approach seems to be promising, as it is capable of generating a series of 
porphyrin-HPBs with less effort in synthesis. Due to the formation of several similar porphyrin-
HPB products in one reaction, however, purification and separation might be hampered. The 
productivity of mixed cyclotrimerization reactions is visualized in Figure 9. Eight porphyrin-HPB 
products are expected to form by conducting only two different reactions. 
 
Figure 9. Porphyrin-HPBs, which should be accessible by only two different mixed cyclotrimerization reactions. 
Ar = 3,5-di-tert-butylphenyl. 
All details as well as the applicability of mixed cyclotrimerization reactions are displayed in 
publication P1 (chapter 3.1).
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2.2 Multiple-Porphyrin-Hexabenzocoronenes 
Publications: M. M. Martin, D. Lungerich, P. Haines, F. Hampel, N. Jux, “Electronic Communication across 
Porphyrin-Hexabenzocoronene Isomers”, Angew. Chem. Int. Ed. 2019, 58, 8932 – 8937. 
 
M. M. Martin, D. Lungerich, F. Hampel, J. Langer, T. K. Ronson, N. Jux, “Multiple-Porphyrin Functionalized 
Hexabenzocoronenes”, Chem. Eur. J. 2019, 25, 15083 – 15090. 
 
Although mixed cyclotrimerization reactions are powerful in creating a library of compounds 
and therefore being able to screen their properties, selective synthetic strategies are desirable 
as well. The selective synthesis of porphyrin-HPBs/HBCs would allow, for example, the 
specific preparation of particularly interesting isomers without potential issues of purification 
and separation. Alternative strategies for the synthesis of porphyrin-HPBs/HBCs will therefore 
be investigated. The Diels-Alder approach (Scheme 23, left) is certainly a good option for the 
synthesis of an ortho-bis-porphyrin substituted HBC 102, as the structural motif of the required 
HPB precursor is already literature known (compound 93 in Scheme 22).[128] The Diels-Alder 
strategy, however, seems to be disadvantageous for getting the other two isomers 105, 109 
(meta, para) because the synthesis of the respective precursors is not trivial. Especially the 
meta-isomer 105 would require an unsymmetrical tetracyclone and/or tolane as a starting 
material, which is difficult to access.  
 
Scheme 23. Strategies for the selective synthesis of ortho-, meta-, para-bis-porphyrin-HBCs 102, 105, 109 via a 
Diels-Alder (left) and a post-functionalization (right) approach. Ar = 3,5-di-tert-butylphenyl. 
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A post-functionalization approach (Scheme 23, right), in which HPBs with the desired geometry 
are formed prior to the introduction of the porphyrins, seems therefore to be the better option. 
Due to a new synthetic strategy reported by N. Jux et al.,[29] uncommon HPBs like the meta-
derivative 106, which were previously not available via standard techniques, can be selectively 
prepared. Halogenation reactions of HPBs with bromine or iodine are furthermore already 
literature known[29, 136-137] and should be applicable for the preparation of halogenated HPBs 
103, 106, 110. Finally, Suzuki reaction with boronic-ester-porphyrin 104[138] and Scholl 
oxidation should yield the desired bis-porphyrin-HBCs. 
Next, the effects of the substitution degree on the electronic properties of porphyrin-HBCs will 
be studied in more detail. For that, multiple-porphyrin substituted HBCs, which should be 
obtainable via Scholl transformations of the respective porphyrin-HPB precursors, need to be 
prepared. Oxidative coupling reactions with HPBs connected to more than one porphyrin, 
however, are unknown so far.[115, 117, 119] The influence of the number of porphyrins per HPB on 
the success of the Scholl reaction therefore has to be investigated and if necessary, alternative 
strategies for the preparation of multiple-porphyrin functionalized HBCs have to be developed. 
In particular, transformations of HPBs bearing up to six porphyrins (e.g., chapter 2.1, Figure 9), 
to the respective HBCs derivatives will be tested (Scheme 24). 
 
Scheme 24. Proposed synthesis of hexa-porphyrin-HBC 111 via a Scholl oxidation reaction. The synthesis of 
several porphyrin-HBCs starting from the respective HPB precursors will be tested under Scholl oxidative 
conditions. Ar = 3,5-di-tert-butylphenyl. 
The target compounds, porphyrin-HBCs with different substitution geometries and substitution 
degrees, will be investigated using optical spectroscopy, which allows to get an insight into the 
structure – electronic properties relationship of nanographene centered architectures. All 
results and details regarding the synthesis and characterization of multiple-porphyrin 
substituted HBCs are summarized in the publications P2 and P3 (chapter 3.2 – 3.3).
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2.3 Modified Porphyrin-Hexabenzocoronene Conjugates 
Publications: M. M. Martin, N. Jux, “Synthesis of a porphyrin-hexaarylbenzene-hexabenzocoronene triad”, J. 
Porphyrins Phthalocyanines 2018, 22, 454−460. 
 
M. M. Martin, C. Dusold, A. Hirsch, N. Jux, “Porphyrin-Rylene-Diimide-Hexabenzocoronene Triads”, J. Porphyrins 
Phthalocyanines 2019, DOI: 10.1142/S1088424619500810. 
 
In the last part of this thesis, the class of porphyrin-HBCs will be further expanded to more 
complex architectures, which are named herein as “modified porphyrin-HBCs”. One approach, 
in which the porphyrin and HBC units are not directly linked to each other, is of interest for 
getting more insight into the electronic characteristics of porphyrin-HBCs. For that, a conjugate, 
which is separated by a hexaarylbenzene (HAB) bridging unit, is targeted that should be 
accessible via Diels-Alder-type chemistry (Scheme 25). Due to the non-conjugated HAB 
bridge, through-bond electronic communication is expected to be suppressed. Due to the 
geometrical arrangement with spatial close proximity of the porphyrin and HBC units, however, 
through space communication might be feasible. 
 
Scheme 25. Proposed synthesis of a porphyrin-HPB-HBC triad 113 via a Diels-Alder reaction. Ar = 3,5-di-tert-
butylphenyl. 
Finally, the concept of porphyrin functionalized HBCs will be expanded by the introduction of 
other chromophores next to the porphyrin and HBC. Rylene dyes seem therefore to be an ideal 
candidate as they were already successfully connected to HBCs.[101, 103-104] Similar to the 
examples shown above, Diels-Alder- and Scholl-type chemistry should yield porphyrin-rylene-
diimide substituted HBCs 116 (Scheme 26). Due to the absorption range of rylene diimides, 
which is different to the one of porphyrins, selective photophysical investigations should enable 
an insight into the electronic characteristics of substituted HBCs from a different perspective. 
These systems are highly interesting for studying the electronic communication as well as 
energy transfer processes between the two chromophores via the HBCs’ p-system. 
-
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Scheme 26. Proposed synthesis of a porphyrin-rylene-diimide substituted HBC 116 via Diels-Alder and Scholl 
reactions. Ar = 3,5-di-tert-butylphenyl, R = solubilizing alkyl group. 
Publications P4 and P5 (chapter 3.4 – 3.5) summarize the results of the synthesis and 
characterization of the herein suggested modified porphyrin-HBCs 113 and 116.
-
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ABSTRACT: Mixed cyclotrimerization reactions of diarylacetylenes
(tolans) were applied to generate a library of multiple porphyrin−
hexaphenylbenzene (HPB) architectures. Successful reactions, which
could be inﬂuenced by the ratio of tolan starting materials, were
conducted using dicobaltoctacarbonyl as a catalyst. Separation of the
reaction products was performed by chromatographic and crystal-
lization techniques. The physical properties were investigated with
respect to the number of porphyrins per HPB and their substitution
pattern.
■ INTRODUCTION
Multiple porphyrin architectures with diﬀerent structural
features were synthesized for mimicking the processes of
photosynthesis.1−10 One approach, which is based on
hexaphenylbenzene (HPB) scaﬀolds meso-connected to
porphyrins, was ﬁrst reported in 2002 and showed similar
properties to the light-harvesting antenna LH2 in purple
bacteria.11,12 This was followed by further HPB light-
harvesting arrays.13−16 The concept was expanded by the
introduction of diﬀerent functional groups, e.g. antenna
molecules or pH sensitive dyes, close to the porphyrins,
resulting in systems which mimic crucial photophysical
processes such as nonphotochemical quenching.17,18 Utilizing
the 6-fold geometry of HPBs as a template succeeded in
constructing cyclic, wheel shaped light-harvesting architec-
tures.19−24 As HPBs and related compounds emerged as a
versatile building block in organic synthesis, much eﬀort is
being invested into the development of novel synthetic
strategies.25−29 Yet, their synthesis is dominated by two
major routes: the [2 + 2 + 2] metal-catalyzed cyclo-
trimerization30 of tolans and the [4 + 2] Diels−Alder
reaction31 of tetraarylcyclopentadienones with tolans. Attrac-
tive features such as a low number of synthetic steps as well as
high yields still qualify these as reactions of choice for HPB
derivatives. The remarkable variety of possible HPB sub-
stitution pattern allows for, if controllable, the speciﬁc
placement of “active” components for light harvesting and
energy/electron transfer such as fullerenes or porphyrins.13−18
The precise control over the molecular structure of function-
alized HPBs is intended to study the correlation of physical
properties with the respective substitution pattern. Hence, a
library of porphyrin−HPBs was needed, in which the relative
conﬁguration as well as the number of chromophores is
altered. We have recently introduced a method for controlling
the substitution patterns of HPBs which may be suitable for
synthesis of porphyrin−HPBs.27 However, a statistical
approach of mixed cyclotrimerization reactions seems to be a
promising choice for producing a series of light-harvesting
porphyrin−HPB systems faster with less eﬀort in synthesis but
with possible separation and puriﬁcation issues. Therefore, the
following paper reports the synthesis of porphyrin−HPBs via
mixed cyclotrimerization reactions and their isolation and
characterization.
■ RESULTS AND DISCUSSION
The literature provides one example for a mixed cyclo-
trimerization reaction with porphyrins (Scheme 1),17 in which
the doubly substituted porphyrin tolan 1 was reacted with a
monosubstituted tolan 2. The desired product 3 was obtained
in 18% yield as well as hexa-substituted HPB 4 as a byproduct.
However, additional ﬁve porphyrin−HPB byproducts are
expected in this statistical reaction, which were not mentioned
in the publication.
With the goal of producing a library of multiporphyrin−
HPBs for studying their structure−physical property relation,
we investigated the concept of mixed cyclotrimerizations in
more detail. Therefore, we started with para-substituted tolans
5 and 6 (Scheme 2) having both sides occupied either with
porphyrins or tert-butyl groups, respectively. Cyclotrimeriza-
tion in this case is intended to yield three porphyrin−HPB
products and additionally hexa-tert-butyl substituted HPB 7.
Porphyrin−tolan 5 as well as tert-butyl-tolan 632 were prepared
under standard Sonogashira conditions (see Experimental
Received: November 14, 2018
Published: December 31, 2018
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Section), mixed in a 2:1 ratio and reacted under cobalt
carbonyl catalysis in reﬂuxing toluene. Here, an excess amount
of cobalt catalyst (2.25 equiv) was necessary for obtaining
good conversion results. After heating for 16 h, the nickel
porphyrins were subsequently demetalated with concentrated
sulfuric acid due to better separation properties of the free base
porphyrins. The three porphyrin−HPB conjugates 8, 9, and 10
as well as hexa-tert-butyl-HPB 7 were successfully separated by
Scheme 1. Example of a Mixed Cyclotrimerization in the Literature17
Scheme 2. Mixed Cyclotrimerization Aa
aTwo equiv of 5 and one equiv of 6 yielding three porphyrin−HPB products. Hexa-tert-butyl-HPB 7 was formed only in minor quantities (< 1 mg),
and therefore, no yield was determined.
Scheme 3. Mixed Cyclotrimerization Ba
aTwo equivalents of 11 and one equivalent of 6 yielding six porphyrin−HPB products. Hexa-tert-butyl-HPB 7 was formed only in minor quantities
(<1 mg), and therefore, no yield was determined.
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J. Org. Chem. 2019, 84, 1489−1499
1490
3 Included Publications 
Reprinted with permission from “M. M. Martin, M. Dill, J. Langer, N. Jux, J. Org. Chem. 2019, 84, 1489 – 1499” 
Copyright 2018 American Chemical Society. 
32 
 
a combination of size exclusion and silica gel column
chromatography. Porphyrin−HPBs 8, 9, and 10 were obtained
in 12, 39, and 11% yields, respectively, whereas the yield of
hexa-tert-butyl-HPB 7 could not be determined because too
little (<1 mg) was formed. In total, the yield of porphyrin−
HPBs was 62%, and the distribution showed that the formation
Figure 1. (a) Crystal structure of ortho-porphyrin−HPB 8. Co-crystallized benzene molecules were omitted for clarity. (b, c) Packing of two
molecules; hydrogen atoms and 3,5-di-tert-butylphenylene groups were omitted. (d) Packing of two molecules with tert-butyl groups participating
in CH−CH interactions as well as CH−pi interactions being highlighted.
Figure 2. (a) Structural motif of meta-porphyrin−HPB 15. Co-crystallized benzene molecules were omitted for clarity. (b, c) Packing of three
molecules; hydrogen atoms and 3,5-di-tert-butylphenylene groups were omitted. Due to the very small size of the crystal and the large unit cell, the
crystal diﬀracted weakly, and only a substandard data set could be obtained. For details, see Supporting Information.
The Journal of Organic Chemistry Article
DOI: 10.1021/acs.joc.8b02907
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of a desired product can be inﬂuenced by the molar ratio of
tolans. Reaction of a 2:1 mixture of tolans 5 and 6 favored the
formation of tetra-porphyrin−HPB 9. Apparently, both tolans
have a similar reactivity toward cyclotrimerization reactions,
although their steric and electronic properties diﬀer signiﬁ-
cantly.
Next, we explored another mixed cyclotrimerization for the
preparation of porphyrin−HPB conjugates by reacting tolan 6
with a monoporphyrin substituted tolan 11. This reaction
should, due to the lower symmetry of 11, result in six
porphyrin−HPB conjugates plus hexa-tert-butyl-HPB 7
(Scheme 3). The starting materials were brought into the
reaction in a ratio of 2:1 for 11 and 6, respectively, with the
aim of favoring the formation of disubstituted porphyrin−
HPBs 8, 15, and 16. The reaction was performed under similar
conditions to the previous one, although this time, catalytic
amounts of dicobaltoctacarbonyl (0.30 equiv) were suﬃcient
for complete conversion of starting material. Owing to the high
number of products, with similarities in size and polarity,
separation of the products was expected to be hampered.
Nevertheless, porphyrin−HPBs 8, 12, 13, and 14 were
successfully separated using chromatographic techniques, and
Figure 3. (a) Crystal structure of para-porphyrin−HPB 16. Co-crystallized benzene molecules were omitted for clarity. (b, c) Packing of three
molecules; hydrogen atoms and 3,5-di-tert-butylphenylene groups were omitted.
Figure 4. (a) Structural motif of metalated triporphyrin−HPB 14·Ni3. Co-crystallized benzene molecules were omitted for clarity. (b) Side view of
14·Ni3. (c) Packing of two molecules. (b, c) Hydrogen atoms and 3,5-di-tert-butylphenylene groups were omitted. Due to the small size of the
crystal and the large unit cell, the crystal diﬀracted weakly, and only a substandard data set could be obtained. For details, see Supporting
Information.
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only meta/para conjugates 15 and 16 could not be isolated
separately. The total yield of porphyrin−HPBs was 61%, and as
intended, disubstituted systems 8, 15, and 16 formed the major
fraction with 41% yield. Although disubstituted porphyrin−
HPBs 15 and 16 could not be separated by chromatographic
techniques, it was possible to isolate them individually by
crystallization. Single crystals suitable for X-ray diﬀraction
analysis (XRDA) of 15 (Figure 2) and 16 (Figure 3) were
obtained from benzene/MeOH solutions and separated under
the microscope. However, the crystallization and separation of
the two isomers 15 and 16 under the microscope is only
applicable to submilligram amounts and therefore not suitable
for standard synthesis.
Single crystals suitable for XRDA were obtained for all three
disubstituted porphyrin−HPBs 8, 15, and 16 as well as for
trisubstituted porphyrin−HPB 14·Ni3. The solvent system
benzene/MeOH emerged as the best medium for growing
porphyrin−HPB single crystals because all structures presented
herein were obtained thereof. Crystals grown out of other
solvent mixtures such as CH2Cl2/MeOH or toluene/MeOH
either lacked quality or were too small for successful
measurements. Figure 1 depicts the structure of the ortho
isomer 8. The porphyrins are, due to their steric demand, tilted
by about 37° and 43° to the inner benzene ring (drawn in
gray), respectively. In contrast to that, the porphyrins of meta-
and para-isomers 15 and 16 (Figures 2 and 3) are in the same
plane as the inner benzene ring, which results in an overall ﬂat
arrangement of these molecules in the solid state. The distance
between the porphyrin centers increases from 9.8 Å for ortho
conjugate 8 to 21.3 Å for the para conjugate 15. The crystal
packing shows the formation of dimers of ortho-porphyrin−
HPB 8, which are rotated by 180° toward each other and stack
via their HPB cores with a distance of 5.6 Å between the
central benzene rings. In the cases of meta- and para-
conjugates 15 and 16, on the other hand, molecules stack
via a porphyrin and an HPB unit and form linear super-
structures. The para-isomer 16 shows a dense packing motif
with short intermolecular distances of 5.0 Å between the inner
HPB benzene rings. The packing motif of all conjugates is
inﬂuenced by attractive interactions such as London
dispersion33,34 and CH−pi forces, which are displayed
exemplarily for ortho conjugate 8 in Figure 1d).
Trisubstituted porphyrin−HPB 14 is special among all
architectures presented here as it combines all possible
substitution patterns of the porphyrins (ortho, meta, para)
within one molecule. A crystal structure of triporphyrin−HPB
14 in its metalated form 14·Ni3 (Figure 4) was obtained and
showed distorted porphyrin cores, resulting from the metal
complexation of nickel. Compared to 8, the porphyrins of the
ortho motif in 14·Ni3 are slightly more apart from each other
with a center-to-center distance of 10.2 Å. On the other hand,
the torsion angles between the inner benzene ring and the
porphyrins are lower with values from 10 to 15°, which leads
to an overall more ﬂat arrangement of 14·Ni3 compared to 8.
However, free base porphyrins are compared with nickel-
porphyrins and therefore, the described diﬀerences in distances
and torsion angles might be attributed to metalation eﬀects
and not to the substitution pattern.
UV/vis absorption spectra were recorded for all compounds
obtained purely and are divided into two groups: systems with
all porphyrins being in close proximity to each other (8, 9, and
10) and systems in which some of the porphyrins are isolated
(12, 13, and 14). A comparison of the UV/vis absorption
spectra of di-, tetra-, and hexa-substituted porphyrin−HPBs 8,
9, and 10 (Figure 5) shows an increased molar extinction
coeﬃcient for the absorption bands with respect to the number
of porphyrins. However, the increase is not linear, as observed
for the Soret band absorptions (Table 1, Figure 5): in the
series 8, 9, and 10, the more porphyrins are attached to the
HPB core, the higher the molar extinction coeﬃcient per
porphyrin. Similar behavior was observed for the Q-bands. The
B-band of diporphyrin−HPB 8 is conspicuously broadened
with respect to 9 and 10 (Figure 5b), displaying in a full width
at half-maximum (fwhm) value of 17.5 nm. The occurrence of
a broad absorption band has already been described in the
literature for a similar porphyrin dimer linked by a triphenylene
bridge and was attributed to strong through space interactions
of the B states between the porphyrins.11,12 In our case,
however, the distance between the chromophores of di-, tetra-,
and hexa-porphyrin HPBs 8, 9, and 10 are expected to be in
the same order of magnitude, and therefore, through space
Figure 5. UV/vis absorption spectra of porphyrin−HPBs 8, 9, and 10 in THF. (a) Complete spectra with magniﬁed Q-band absorptions. (b)
Normalized B-band absorptions.
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interactions are anticipated to be similar. The only structural
diﬀerence between di-, tetra-, and hexa-porphyrin HPBs 8, 9,
and 10 is that more porphyrins hinder the rotational freedom.
The crystal structure in Figure 1 shows that two porphyrins of
8 strongly aﬀect each other. Still, there is enough room for
motion/rotation. If the number of porphyrins is increased to
four or six, a higher steric demand of the porphyrins results in a
more rigid structure with limited degree of internal movement.
This might be one of the reasons for the trend in this series of
molecules (8, 9, and 10) in which more porphyrins attached to
the HPB give the narrower Soret band. All compounds follow
the Lambert−Beer law in a concentration range of 10−6 to 10−8
M.
Figure 6 displays the UV/vis spectra of the molecules with
porphyrins more distant to each other. Monoporphyrin−HPB
12 has a slightly decreased molar extinction coeﬃcient as well
as a broadened Soret band compared to the reference
compound tetrakis(3,5-di-tert-butylphenyl)porphyrin. There-
fore, meso-substitution of one 3,5-di-tert-butylphenyl by a HPB
moiety has a noticeable eﬀect on the electronic properties. A
comparison of trisubstituted porphyrin−HPBs 13 ((AB)3) and
14 (A2B2AB) shows a lower molar extinction coeﬃcient and a
broadened Soret band for 14. Although 14 has the same
structural feature as diporphyrin−HPB 8 (ortho-substitution of
two porphyrins) and therefore was anticipated to have similar
properties to 8, the Soret band of 14 is remarkably sharp with a
fwhm value of 13.8 nm. Consequently, the introduction of a
third porphyrin has a signiﬁcant impact on the electronic
properties. Due to the additional meta- and para-substitution
motifs in 14, eﬀects such as electronic communication through
bonds have to be considered. Porphyrin dimers, bridged via
linear triphenylene units, are known for their electronic
communication through the bridge as para substituted linkers
are eﬀective in elongating the pi-conjugation pathway.35
Therefore, through bond as well as through space communi-
cation might play a crucial role in the UV/vis absorption
characteristics of 14, and the combination of both eﬀects
results in a relatively sharp Soret band. System 13, on the other
hand, has only all meta substituted porphyrins in which neither
through space nor through bond interactions should be
dominant. Yet, spectral diﬀerences between 13 and 14 are
minor. Here, further photophysical measurements are required
to understand the spectral properties of these porphyrin−HPB
systems. In general, mono- and trisubstituted HPBs 12, 13, and
14 having “isolated” porphyrins feature higher molar extinction
coeﬃcients per porphyrin than di-, tetra-, and hexa-conjugates
8, 9, and 10. Steady state ﬂuorescence emission spectra were
measured upon excitation of the porphyrins B-band (Figures
S6 and S7). The ﬂuorescence characteristics of porphyrin−
HPBs vary only little compared to reference compound
tetrakis(3,5-di-tert-butylphenyl)porphyrin. The emission inten-
sities, however, seem to be inﬂuenced by the number of
porphyrins and the substitution pattern. Weaker ﬂuorescence
intensities were found for systems with porphyrins in close
proximity to each other. Detailed photophysical experiments,
including determination of ﬂuorescence quantum yields, are
currently performed and will be reported elsewhere.
■ CONCLUSIONS
We showed the successful synthesis and isolation of six
porphyrin−HPB conjugates by two mixed cyclotrimerization
reactions. Depending on the number and relative geometry of
porphyrins per HPB, diﬀerent UV/vis absorption character-
Table 1. Spectroscopic Data for Soret Band Absorptions
molecule (Soret
band, λ, nm) ε (L mol−1cm−1)
ε per porphyrin (L
mol−1cm−1)
fwhm
(nm)
ref porphyrina (419) 550 000 550 000 10.9
diporphyrin 8 (419) 530 000 265 000 17.5
tetra-porphyrin 9
(420)
1 300 000 325 000 13.4
hexa-porphyrin 10
(420)
2 400 000 400 000 12.7
monoporphyrin 12
(419)
500 000 500 000 11.6
triporphyrin 13
(421)
1 400 000 467 000 13.0
triporphyrin 14
(420)
1 300 000 433 000 13.8
aTetrakis(3,5-di-tert-butylphenyl)porphyrin was used as a reference
compound.
Figure 6. UV/vis absorption spectra of porphyrin−HPBs 12, 13,and 14 in THF. (a) Complete spectra with magniﬁed Q-band absorptions. (b)
Normalized B-band absorptions.
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istics were observed such as broadened Soret band absorptions
and lowered molar extinction coeﬃcients. Perturbed Soret
states can be attributed to communication, either through
space or through bond, as well as to rotational freedom of the
porphyrins. However, to understand the complex processes in
more detail, we have started to perform time-resolved
photophysical measurements. Solid state structures unveiled
the relative geometry of porphyrins toward the HPB core and
showed overall ﬂat arrangements. Unfortunately, the series of
ortho/meta/para-porphyrin−HPB isomers 8, 15, and 16 could
not be obtained separately due to puriﬁcation diﬃculties. Yet,
they are of great interest to further correlate the substitution
pattern with their properties. Therefore, selective strategies for
the synthesis of these systems are currently under investigation
and will be reported elsewhere. The presented molecules are
currently studied as suitable precursors for the transformation
to porphyrin-hexabenzocoronene conjugates.36−39 Addition-
ally, these porphyrin−HPBs are expected to be capable of
complexing several fullerenes, similar to the systems of Gust et
al.18 which is also currently analyzed.
■ EXPERIMENTAL SECTION
All chemicals were purchased from Sigma-Aldrich and used without
any further puriﬁcation. Solvents were distilled prior to usage.
Dichloromethane was neutralized with K2CO3 before distillation.
Thin layer chromatography (TLC) was performed on Merck silica gel
60 F524, detected by UV-light (254 nm, 366 nm). Column
chromatography and ﬂash column chromatography were performed
on Macherey-Nagel silica gel 60 M (deactivated, 230−400 mesh,
0.04−0.063 mm). NMR spectroscopy was performed on JEOL JNM
EX 400 (1H: 400 MHz, 13C{1H}: 101 MHz), JEOL Alpha 500 (1H:
500 MHz, 13C{1H}: 126 MHz) and Bruker Avance 400 (1H: 400
MHz, 13C{1H}: 101 MHz). Deuterated solvents were purchased from
Sigma-Aldrich and used as received. Chemical shifts are referenced to
residual protic impurities in the solvents (1H: CHCl3: 7.24 ppm) or
the deuterated solvent itself (13C{1H}: CDCl3: 77.0 ppm). The
resonance multiplicities are indicated as “s” (singlet), “d” (doublet),
“t” (triplet), “q” (quartet) and “m” (multiplet). Signals referred to as
“bs” (broad singlet) are not clearly resolved or signiﬁcantly
broadened. IR spectra were recorded on a Bruker FT- IR Tensor
27 spectrometer with a Pike MIRacle ATR unit. LDI/MALDI-ToF
mass spectrometry was performed either on a Shimazu AXIMA
Conﬁdence or a Bruker Ultraﬂex Extreme machine. In case of
MALDI, the following matrix were used: 2,5-dihydroxybenzoic acid
(DHB or trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]-
malononitrile (DCTB). High resolution mass spectrometry was
performed on a ESI/APPI-ToF mass spectrometer Bruker maXis 4G
UHR MS/MS spectrometer, a Bruker micrOTOF II focus TOF MS-
spectrometer, or on a MALDI-ToF Bruker Ultraﬂex Extreme
spectrometer. X-ray diﬀraction analysis was conducted on a Super
Nova Dual Wavelength Platform diﬀractometer by Agilent Tech-
nologies GmbH. Microwave reactions were carried out in a
monomode microwave reactor Biotage Initiator+ with an external IR
surface temperature sensor. The microwave assisted reactions were
carried out exclusively in the ﬁxed hold time mode. UV/vis
spectroscopy was carried out on a Varian Cary 5000 UV−vis−NIR
spectrometer. Unless otherwise noted, reactions were degassed by the
following technique: the reaction mixture was sonicated at 25 °C for 1
min under vacuo, followed by a purge with N2-gas. This cycle was
repeated three times.
4-((4-(tert-Butyl)phenyl)-ethynyl)benzaldehyde. 4-Bromo-
benzaldehyde (3.00 g, 16.2 mmol, 1 equiv), Pd(PPh3)2Cl2 (227 mg,
0.32 mmol, 0.02 equiv), and CuI (31 mg, 0.16 mmol, 0.01 equiv)
were dissolved in THF (20 mL) and NEt3 (20 mL). The solution was
degassed (3 × 1 min sonication under vacuum followed by a purge of
N2); 4-tert-butylphenylacetylene (3.06 mL, 2.69 g, 17.0 mmol, 1.05
equiv) was added via syringe, and the mixture was degassed once
more (1 × 1 min). The reaction was heated to 75 °C for 19 h. The
crude was puriﬁed by silica plug ﬁltration (hexanes/CH2Cl2 1:1, Ø 4.5
× 12 cm) followed by recrystallization from hot hexanes (100 mL, 65
°C). The pure product was obtained as a beige solid in 85.8% yield
(3.65 g, 13.9 mmol). NMR and MS spectra were identical to the ones
reported in the literature.37,40
General Procedure for the Synthesis of A3B Porphyrins.
Two 20 mL microwave vials were prepared: each vial was charged
with a magnetic stir bar, CH2Cl2 (19 mL), aldehyde A (1.50 mmol, 3
equiv), aldehyde B (0.50 mmol, 1 equiv), and pyrrole (140 μL, 2.00
mmol, 4 equiv). A solution of I2 (25 mg, 0.10 mmol, 0.2 equiv) in
CH2Cl2 (1.0 mL) was added to the particular vial, it was sealed with a
septum and heated in the microwave reactor (20 s prestirring, 5 min
at 40 °C, max. power 100 W, for exact conditions, see Supporting
Information). A ﬂask charged with para-chloranil (736 mg, 3.00
mmol, 6 equiv) in 20 mL of CH2Cl2 was prepared and heated to
reﬂux. After each microwave reaction had ﬁnished, the reaction
mixture was poured into the para-chloranil solution. After the content
of the second vial was added to the ﬂask, the reaction mixture was
stirred for further 15 min at reﬂux. The product mixture was adsorbed
on SiO2 (approximately 10 g) and separated via silica column
chromatography (hexanes/CH2Cl2 3:1, Ø 6 × 37 cm). The second
fraction was identiﬁed as the desired A3B products.
5-(4-Trimethylsilylethynyl-phenyl)-10,15,20-tris(3,5-di-tert-
butylphenyl)porphyrin 17.41,42 The synthesis was recently reported43
and further improved by the above-mentioned protocol. Aldehyde A:
3,5-di-tert-butylbenzaldehyde (327 mg, 1.50 mmol), aldehyde B: 4-
(trimethylsilylethynyl)benzaldehyde (101 mg, 0.50 mmol), yield:
14.8% (155 mg, 148 μmol). 1H NMR (400 MHz, CDCl3, rt): δ
(ppm) = 8.90−8.87 (m, 6H), 8.79 (d, J = 4.8 Hz, 2H), 8.18 (d, J = 8.3
Hz, 2H), 8.06−8.05 (m, 6H), 7.86 (d, J = 8.3 Hz, 2H), 7.78−7.77 (m,
3H), 1.51 (s, 36H), 1.50 (s, 18H), 0.36 (s, 9H), −2.74 (s, 2H).
13C{1H} NMR (126 MHz, CDCl3, rt): δ (ppm) = 148.7, 142.9, 141.3,
141.2, 134.5, 134.2, 131.4, 130.4, 130.1, 129.9, 129.8, 129.6, 129.5,
122.4, 121.7, 121.5, 121.2, 120.9, 118.6, 105.2, 95.4, 35.0, 32.2, 31.9,
31.6, 31.3, 0.3, −0.1. IR: ν ̃ (cm−1) = 3318, 2954, 2160, 1593, 1476,
1362, 1247. UV/vis (THF): λ (nm) (ε (M−1cm−1)) = 419 (472 000),
515 (19 100), 550 (10 500), 592 (5600), 648 (5000). MS (LDI): m/z
(rel. int.) = 1046.86 (M+, 100%).
5-(4-Iodophenyl)-10,15,20-tris(3,5-di-tert-butylphenyl)porphyrin
18.44 Aldehyde A: 3,5-di-tert-butylbenzaldehyde (327 mg, 1.50
mmol), aldehyde B: 4-iodo-benzaldehyde (116 mg, 0.50 mmol,
yield: 15.1% (162 mg, 151 μmol). 1H NMR (400 MHz, CDCl3, rt): δ
(ppm) = 8.94−8.91 (m, 6H), 8.84 (d, J = 4.8 Hz, 2H), 8.11−8.08 (m,
8H), 7.99 (d, J = 8.3 Hz, 2H), 7.82−7.80 (m, 3H), 1.54 (s, 36H),
1.53 (s, 18H), −2.70 (s, 2H). 13C{1H} NMR (101 MHz, CDCl3, rt):
δ (ppm) = 148.83, 148.78, 142.2, 141.3, 141.2, 136.2, 135.8, 131.5,
129.9, 129.8, 121.8, 121.6, 121.1, 117.9, 94.0, 35.0, 31.7. IR: ν ̃ (cm−1)
= 3316, 2961, 1592, 1474, 1362, 1246, 1007. UV/vis (THF): λ (nm)
(ε (M−1cm−1)) = 419 (507 000), 515 (19 200), 550 (9900), 591
(5400), 648 (4500). MS (LDI): m/z (rel. int.) = 1077 (M+, 100%).
HRMS (APPI, toluene) for C68H77IN4 (M
+), calcd: 1076.5187,
found: 1076.5181.
Free Base Tolan−Porphyrin 19. Aldehyde A: 3,5-di-tert-butylbenz-
aldehyde (327 mg, 1.50 mmol), aldehyde B: 4-((4-(tert-butyl)-
phenyl)-ethynyl)benzaldehyde (144 mg, 0.55 mmol), yield: 13.5%
(150 mg, 135 μmol). 1H NMR (400 MHz, CDCl3, rt): δ (ppm) =
8.91 (d, J = 4.3 Hz, 6H), 8.86 (d, J = 4.6 Hz, 2H), 8.23 (d, J = 8.1 Hz,
2H), 8.12−8.05 (m, 6H), 7.92 (d, J = 7.9 Hz, 2H), 7.83−7.76 (m,
3H), 7.62 (d, J = 8.1 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 1.53 (s, 36H),
1.52 (s, 18H), 1.38 (s, 9H), −2.68 (s, 2H). 13C{1H} NMR (101
MHz, CDCl3, rt): δ (ppm) = 151.8, 148.79, 148.75, 142.5, 141.4,
141.3, 134.6, 131.6, 130.0, 129.9, 129.8, 125.5, 122.9, 121.7, 121.5,
121.1, 120.3, 118.8, 90.6, 88.8, 35.0, 34.8, 31.7, 31.2. IR: ν ̃ (cm−1) =
3313, 2963, 1590, 1474, 1362, 1247. UV/vis (THF): λ (nm) (ε
(M−1cm−1)) = 420 (546 000), 516 (20 600), 550 (12100), 591
(6300), 648 (6100). MS (LDI): m/z (rel. int.) = 1106.63 (M+,
100%). HRMS (APPI, toluene) for C80H90N4 (M
+), calcd:
1106.7160, found: 1106.7164.
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General Procedure for the Synthesis of Nickel Porphyrins.
Free base porphyrin (1 equiv) and Ni(acac)2 (5 equiv) were dissolved
in toluene and heated to reﬂux for 90 min. The solvent was removed,
and the product puriﬁed by silica plug ﬁltration (hexanes/CH2Cl2
1:1). The product was obtained as a red-orange solid.
Nickel-trimethylsilylethynyl-porphyrin 20. Free base trimethylsil-
yl-ethynyl-porphyrin 17 (129 mg, 123 μmol, 1 equiv), Ni(acac)2 (154
mg, 599 μmol, 5 equiv), and toluene (25 mL), yield 100% (136 mg,
123 μmol). 1H NMR (400 MHz, CDCl3, rt): δ (ppm) = 8.79 (bs,
4H), 8.76 (d, J = 4.9 Hz, 2H), 8.67 (d, J = 5.0 Hz, 2H), 7.95 (d, J =
8.3 Hz, 2H), 7.85 (d, J = 1.8 Hz, 6H), 7.77 (d, J = 8.3 Hz, 2H), 7.71−
7.67 (m, 3H), 1.45 (s, 36H), 1.45 (s, 18H), 0.34 (s, 9H). 13C{1H}
NMR (101 MHz, CDCl3, rt): δ (ppm) = 149.0, 142.92, 142.85, 142.2,
141.6, 140.0, 133.6, 132.6, 132.5, 132.4, 131.5, 131.3, 131.1, 130.5,
130.2, 128.8, 128.7, 127.3, 122.5, 121.2, 120.4, 120.3, 117.6, 105.1,
95.3, 34.9, 31.6, −0.1. IR: ν ̃ (cm−1) = 2953, 2160, 1592, 1362, 1247,
1006. UV/vis (THF): λ (nm) (ε (M−1cm−1)) = 415 (217 000), 527
(17 900). MS (LDI): m/z (rel. int.) = 1103 (M+, 100%). HRMS
(APPI, CH2Cl2) for C73H84N4NiSi (M
+), calcd: 1102.5813, found:
1102.5828.
Nickel-iodo-porphyrin 21. Free base iodo-porphyrin 18 (253 mg,
235 μmol, 1 equiv), Ni(acac)2 (295 mg, 1.15 mmol, 5 equiv), and
toluene (50 mL), yield: 97.9% (261 mg, 230 μmol). 1H NMR (400
MHz, CDCl3, rt): δ (ppm) = 8.83−8.76 (m, 6H), 8.71 (d, J = 4.9 Hz,
2H), 8.01 (d, J = 8.1 Hz, 2H), 7.91−7.83 (m, 6H), 7.77 (d, J = 8.0
Hz, 2H), 7.74−7.70 (m, 3H), 1.47 (s, 36H), 1.47 (s, 18H). 13C{1H}
NMR (101 MHz, CDCl3, rt): δ (ppm) = 149.02, 148.99, 142.94,
142.87, 142.85, 142.1, 140.8, 139.95, 139.93, 136.0, 135.4, 132.7,
132.54, 132.45, 131.5, 128.9, 128.7, 121.2, 120.4, 120.3, 117.0, 93.9,
34.92, 34.92, 31.6. IR: ν ̃ (cm−1) = 2960, 1593, 1362, 1247, 1003. UV/
vis (THF): λ (nm) (ε (M−1cm−1)) = 415 (274 000), 527 (19 500).
MS (LDI): m/z (rel. int.) = 1132.52 (M+, 100%). HRMS (APPI,
toluene) for C68H75IN4Ni (M
+), calcd: 1132.4384, found: 1132.4385.
Nickel-tolan-porphyrin 11. Free base tolan-porphyrin 19 (270 mg,
0.244 mmol, 1 equiv), Ni(acac)2 (313 mg, 1.22 mmol, 5 equiv), and
toluene (50 mL) yield: 99.6% (283 mg, 0.243 mmol). 1H NMR (400
MHz, CDCl3, rt): δ (ppm) = 8.81−8.78 (m, 6H), 8.74 (d, J = 4.9 Hz,
2H), 8.01 (d, J = 8.2 Hz, 2H), 7.88−7.85 (m, 6H), 7.83 (d, J = 8.2
Hz, 2H), 7.73−7.69 (m, 3H), 7.58 (d, J = 8.5 Hz, 2H), 7.43 (d, J =
8.6 Hz, 2H), 1.46 (s, 36H), 1.46 (s, 18H), 1.36 (s, 9H). 13C{1H}
NMR (101 MHz, CDCl3, rt): δ (ppm) = 151.7, 148.93, 148.91,
142.85, 142.80, 142.78, 142.2, 141.1, 140.0, 133.7, 132.6, 132.4, 132.3,
131.6, 131.5, 130.1, 128.8, 128.7, 125.5, 122.9, 121.1, 120.3, 120.2,
117.8, 90.5, 88.8, 35.0, 34.9, 31.7, 31.2. IR: ν ̃ (cm−1) = 2953, 1591,
1362, 1352, 1247, 1001. UV/vis (THF): λ (nm) (ε (M−1cm−1)) =
416 (294 000), 528 (21 300). MS (MALDI, DHB): m/z (rel. int.) =
1162.58 (M+, 100%). HRMS (APPI, toluene) for C80H88N4Ni (M
+),
calcd: 1162.6357, found: 1162.6373.
Nickel-ethynyl-porphyrin 22. Trimethylsilyl-protected nickel-
porphyrin 20 (137 mg, 124 μmol, 1 equiv) was dissolved in THF
(15 mL), a 1 M TBAF solution in THF (300 μL, 300 μmol, 2.4
equiv) was added, and the reaction was stirred light protected for 90
min at rt. The solvent was removed, and the porphyrin was puriﬁed by
plug ﬁltration (SiO2, hexanes/CH2Cl2 4:1). The product was
obtained in 78.1% yield (100 mg, 96.9 μmol). 1H NMR (500 MHz,
CDCl3, rt): δ (ppm) = 8.81 (s, 4H), 8.79 (d, J = 4.9 Hz, 2H), 8.70 (d,
J = 4.9 Hz, 2H), 7.99 (d, J = 8.3 Hz, 2H), 7.88−7.86 (m, 6H), 7.80
(d, J = 8.1 Hz, 2H), 7.73−7.70 (m, 3H), 3.26 (s, 1H), 1.47 (s, 36H),
1.46 (s, 18H). 13C{1H} NMR (101 MHz, CDCl3, rt): δ (ppm) =
149.03, 149.01, 143.0, 142.9, 142.2, 141.9, 140.0, 133.7, 132.7, 132.5,
132.4, 131.6, 130.7, 128.8, 128.7, 121.5, 121.2, 120.4, 120.3, 117.5,
83.7, 78.1, 34.9, 31.6. IR: ν ̃ (cm−1) = 3294, 2958, 1592, 1361, 1247,
1006. UV/vis (THF): λ (nm) (ε (M−1cm−1)) = 415 (237 000), 527
(17 400). MS (LDI): m/z (rel. int.) = 1030.52 (M+, 100%). HRMS
(APPI, toluene) for C70H76N4Ni (M
+), calcd: 1030.5418, found:
1030.5414.
Nickel-porphyrin Dimer 5.11 A 20 mL vial was charged with
nickel-iodo-porphyrin 21 (95.5 mg, 84.3 μmol, 1 equiv), Pd-
(PPh3)2Cl2 (3.0 mg, 4.3 μmol, 0.05 equiv), CuI (1.6 mg, 8.4 μmol,
0.1 equiv), NEt3 (2.5 mL), and THF (2.5 mL). The vial was sealed
with a septum, and the mixture degassed and stirred for 10 min at rt
before a degassed solution of nickel-ethynyl-porphyrin 22 (100 mg,
96.9 μmol, 1.15 equiv) in THF (2.5 mL) was added via syringe
through the septum. The reaction was heated to 50 °C for 20 h under
the exclusion of light. The solvent was removed, and the crude
puriﬁed by column chromatography (SiO2, hexanes/CH2Cl2 4:1).
The the product was obtained as a red solid in 95.5% yield (164 mg,
80.5 μmol). 1H NMR (400 MHz, CDCl3, rt): δ (ppm) = 8.86−8.75
(m, 16H), 8.09 (d, J = 7.8 Hz, 4H), 7.96 (d, J = 7.9 Hz, 4H), 7.91−
7.86 (m, 12H), 7.74−7.70 (m, 6H), 1.48 (s, 72H), 1.47 (s, 36H).
13C{1H} NMR (101 MHz, CDCl3, rt): δ (ppm) = 148.97, 148.94,
142.89, 142.83, 142.82, 142.2, 142.0, 141.5, 140.0, 133.8, 132.6,
132.44, 132.35, 131.6, 130.2, 128.8, 128.7, 122.7, 121.1, 120.4, 120.3,
117.7, 90.4, 35.0, 31.7. IR: ν ̃ (cm−1) = 2961, 1593, 1362, 1298, 1247,
1007. UV/vis (THF): λ (nm) (ε (M−1cm−1)) = 418 (553 000), 528
(44 600). MS (MALDI, DCTB): m/z (rel. int.) = 2036.24 (M+,
100%). HRMS (APPI, toluene) for C138H150N8Ni2 (M
+), calcd:
2038.0708, found: 2038.0767.
Mixed Cyclotrimerization A. A 5 mL vial was charged with
porphyrin dimer 5 (67 mg, 32.9 μmol, 2 equiv), tert-butyl-tolane 632
(4.8 mg, 16.4 μmol, 1 equiv), Co2(CO)8 (12.5 mg, 37.0 μmol, 2.25
equiv), toluene (2.5 mL) and sealed with a septum. The solution was
degassed (bubbling N2 through solution for 15 min) and heated to
140 °C for 16 h with an oil bath. After silica plug ﬁltration (hexanes/
CH2Cl2 2:1, Ø 3.5 × 10 cm), the product mixture was dissolved in
CH2Cl2 (5 mL), cooled with an ice bath, and conc. H2SO4 (0.5 mL)
was added. The reaction was stirred for 60 min at 0 °C before the acid
was slowly quenched via the addition of NEt3 (5 mL). The mixture
was immediately poured over a plug of silica (hexanes/CH2Cl2 1:1, Ø
3.5 × 9 cm). After the solvent was removed, free base porphyrins were
separated by size exclusion chromatography (Bio Beads SX1, toluene,
Ø 4.5 cm · 50 cm) and silica column chromatography (hexanes/
CH2Cl2 2:1, Ø 5 × 32 cm). Yields: Diporphyrin−HPB 8: 12.2% (5.0
mg, 2.00 μmol). Tetra-porphyrin−HPB 9: 39.3% (26.7 mg, 6.45
μmol). Hexa-porphyrin−HPB 10: 11.4% (10.8 mg, 1.87 μmol).
Diporphyrin−HPB 8. 1H NMR (400 MHz, CDCl3, rt): δ (ppm) 8.90
(d, J = 4.4 Hz, 2H), 8.87 (d, J = 4.3 Hz, 2H), 8.80 (d, J = 4.6 Hz, 2H),
8.73 (d, J = 4.6 Hz, 2H), 8.57 (m, 6H), 8.08 (s, 4H), 8.04 (d, J = 1.8
Hz, 4H), 7.93 (d, J = 8.1 Hz, 4H), 7.88 (d, J = 4.6 Hz, 2H), 7.80 (s,
2H), 7.75 (t, J = 1.9 Hz, 2H), 7.46 (d, J = 8.1 Hz, 4H), 7.41 (s, 4H),
7.17−7.10 (m, 8H), 7.00−6.89 (m, 8H), 1.54 (s, 36H), 1.51 (s, 36H),
1.50 (s, 36H), 1.19 (s, 18H), 1.17 (s, 18H), 0.56 (s, 36H), −2.82 (s,
4H). 13C{1H} NMR (101 MHz, CDCl3, rt): δ (ppm) = 157.3, 148.8,
148.7, 148.3, 147.9, 147.8, 141.6, 141.4, 141.2, 141.1, 140.8, 140.6,
140.4, 139.6, 138.2, 137.9, 132.7, 131.7, 131.3, 131.1, 130.2, 130.1,
129.84, 129.79, 129.7, 129.0, 127.3, 123.6, 123.4, 123.3, 121.10,
121.06, 120.9, 120.3, 119.8, 118.9, 35.01, 34.97, 34.2, 34.1, 34.0, 31.7,
31.3, 31.2, 30.8. IR: ν ̃ (cm−1) = 2960, 1592, 1475, 1362, 1247. UV/vis
(THF): λ (nm) (ε (M−1cm−1)) = 419 (534 000), 515 (28 500), 550
(13 700), 592 (7700), 648 (6400). Fluorescence (THF, λexc. = 419
nm): λemission (nm) (rel. int.) = 651 (1.00), 716 (0.24). MS (MALDI):
m/z (rel. int.) = 2505.64 (M+, 100%). HRMS (APPI, toluene) for
C182H206N8 (M
+), calcd: 2505.6427, found: 2505.6447. Rf (hexanes/
CH2Cl2 2:1) (%) = 0.52. Tetra-porphyrin−HPB 9.
1H NMR (500
MHz, CDCl3, RT): δ (ppm) = 9.08−8.60 (m), 8.55 (s), 8.37 (d, J =
7.5 Hz), 8.29−7.95 (m), 7.88 (s), 7.86−7.70 (m), 7.65 (s), 7.54 (s),
7.42 (d, J = 7.8 Hz), 7.37 (d, J = 7.9 Hz), 7.34 (s), 7.21 (s), 7.11 (s),
6.83 (s), 1.62 (s), 1.57 (s), 1.53 (s), 1.34 (s), 1.28 (s), 0.84 (s), 0.76
(s), 0.48 (s), −2.80 (s). 13C{1H} NMR (126 MHz, CDCl3, RT): δ
(ppm) = 148.8, 148.7, 148.6, 148.1, 148.0, 147.9, 147.7, 141.8, 141.7,
141.5, 141.43, 141.40, 141.1, 140.92, 140.87, 140.8, 140.6, 140.50,
140.47, 139.8, 138.2, 133.5, 132.7, 131.8, 130.7, 130.2, 129.8, 129.7,
129.2, 129.1, 128.8, 123.9, 121.1, 121.03, 120.95, 120.88, 120.4, 120.1,
119.61, 119.58, 35.1, 35.0, 34.4, 34.3, 34.2, 33.9, 31.8, 31.73, 31.70,
31.4, 31.03, 30.98, 30.7, 29.7. IR: ν ̃ (cm−1) = 2961, 1592, 1475, 1362,
1247. UV/vis (THF): λ (nm) (ε (M−1cm−1)) = 420 (1 270 000), 515
(59 300), 549 (27 200), 591 (16 000), 648 (12 700). Fluorescence
(THF, λexc. = 419 nm): λemission (nm) (rel. int.) = 651 (1.00), 717
(0.22). HRMS (APPI, toluene) for C298H334N16 (M
+), calcd:
4140.6799, found: 4140.6961. HRMS (MALDI, DCTB) for
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C298H334N16 (M
+), calcd: 4140.6799, found: 4140.6904. Rf (hexanes/
CH2Cl2 2:1) (%) = 0.52. Hexa-porphyrin−HPB 10.
1H NMR (500
MHz, CDCl3, rt): δ (ppm) = 8.76 (d, J = 4.7 Hz, 12H), 8.70 (d, J =
4.7 Hz, 12H), 8.60 (d, J = 4.8 Hz, 12H), 8.45 (d, J = 7.5 Hz, 12H),
8.23 (d, J = 7.6 Hz, 12H), 8.06 (d, J = 1.6 Hz, 12H), 7.97 (d, J = 4.7
Hz, 12H), 7.78 (t, J = 1.7 Hz, 6H), 7.48 (very broad signal, 24H),
7.04 (s, 12H), 1.53 (s, 108H), 1.42 − −0.30 (very broad signal,
216H), −2.86 (s, 12H). 13C{1H} NMR (126 MHz, CDCl3, rt): δ
(ppm) = 148.6, 147.9, 141.74, 141.69, 140.9, 140.8, 133.5, 130.8,
129.6, 128.9, 128.7, 121.0, 120.8, 120.3, 119.4, 35.0, 34.1 (bs), 31.8,
30.9 (bs). IR: ν ̃ (cm−1) = 3318, 2961, 1592, 1475, 1363, 1246. UV/
vis (THF): λ (nm) (ε (M−1cm−1)) = 420 (2 400 000), 515
(104 000), 549 (48 000), 591 (29 500), 647 (22 400). Fluorescence
(THF, λexc. = 419 nm): λemission (nm) (rel. int.) = 651 (1.00), 717
(0.25). MS (MALDI, DCTB): m/z (rel. int.) = 5774.12 (M+, 100%).
HRMS (ESI, CH3CN/toluene/formic acid) for C414H462N24
(MH2
2+), calcd: 2887.8583, found: 2887.8516. Rf (hexanes/CH2Cl2
2:1) (%) = 0.71.
Mixed cyclotrimerization B. A 5 mL vial was charged with
nickel-tolan-porphyrin 11 (283 mg, 243 μmol, 2 equiv), tert-butyl-
tolane 632 (35 mg, 122 μmol, 1 equiv), Co2(CO)8 (12.5 mg, 36.5
μmol, 0.30 equiv), and toluene (2.5 mL) and sealed with a septum.
The reaction mixture was degassed (bubbling N2 through the solution
for 15 min) and heated with an oil bath to 140 °C for 16 h. The
solvent was removed, and the crude was puriﬁed by silica plug
ﬁltration (hexanes/CH2Cl2 1:1). The mixture was dissolved in
CH2Cl2 (30 mL) and cooled with an ice bath. Conc. H2SO4 (3
mL) was added, and the reaction was stirred for 60 min. The acid was
quenched via the addition of NEt3 (30 mL), and the mixture was
immediately poured on a plug (SiO2, hexanes/CH2Cl2 3:1, Ø 13 × 8
cm). Note: For reactions on this scale, it is probably better to quench
the acid via washing with water (3×) and sat. NaHCO3 (1×).
17 With
the help of column chromatography (SiO2, hexanes/CH2Cl2 3:1, Ø 7
× 32 cm) and size exclusion chromatography (bio beads SX1, THF,
Ø 3.5 × 30 cm), four of the six porphyrin products were separated
from each other. Only the meta- and para-porphyrin−HPBs 15 and
16 could not be separated with these puriﬁcation techniques. Yields:
Mono 12 (8.4 mg, 4.95 μmol, 4.1%), ortho 8 (25.6 mg, 10.2 μmol,
8.4%), meta/para mixture 15, 16 (101.6 mg, 40.55 μmol, 33.3%),
(AB)3 13 (10.5 mg, 3.16 μmol, 2.6%), A2B2AB 14 (53.2 mg, 16.01
μmol, 13.2%). Monoporphyrin−HPB 12.39 1H NMR (400 MHz,
CDCl3, rt): δ (ppm) = 8.91 (d, J = 4.8 Hz, 2H), 8.87 (d, J = 4.8 Hz,
2H), 8.71 (d, J = 4.8 Hz, 2H), 8.45 (d, J = 4.7 Hz, 2H), 8.05 (d, J =
1.7 Hz, 6H), 7.78 (t, J = 1.8 Hz, 2H), 7.77 (t, J = 1.8 Hz, 1H), 7.69
(d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.1 Hz, 2H), 7.14 (d, J = 8.4 Hz, 4H),
7.01 (d, J = 8.3 Hz, 4H), 6.93−6.78 (m, 12H), 1.52 (s, 36H), 1.50 (s,
18H), 1.32 (s, 18H), 1.15 (s, 18H), 1.14 (s, 9H), −2.80 (s, 2H).
13C{1H} NMR (101 MHz, CDCl3, rt): δ (ppm) = 148.74, 148.68,
148.1, 147.7, 147.6, 141.5, 141.2, 141.1, 140.9, 140.6, 140.44, 140.39,
138.7, 138.2, 137.98, 137.93, 132.7, 131.6, 131.3, 131.2, 130.0, 129.8,
129.7, 123.5, 123.24, 123.21, 121.22, 121.20, 120.9, 120.1, 34.96,
34.95, 34.3, 34.1, 34.0, 31.7, 31.4, 31.2. IR: ν ̃ (cm−1) = 2955, 1591,
1475, 1393, 1362, 1247. UV/vis (THF): λ (nm) (ε (M−1cm−1)) =
419 (503 000), 516 (18 900), 551 (10 900), 593 (5530), 648 (5130).
Fluorescence (THF, λexc. = 419 nm): λemission (nm) (rel. int.) = 653
(1.00), 718 (0.21). MS (LDI): m/z (rel. int.) = 1687.12 (M+, 100%).
HRMS (APPI, toluene) for C124H142N4 (M
+), calcd: 1688.1262,
found: 1688.1281. Rf (hexanes/CH2Cl2 2:1) (%) = 0.56. ortho-
Diporphyrin−HPB 8. Same data observed as in mixed cyclo-
trimerization A. Rf (hexanes/CH2Cl2 2:1) (%) = 0.56. meta/para-
Diporphyrin−HPB mixture 15 and 16. MS (LDI): m/z (rel. int.) =
2504.38 (M+, 100%). HRMS (APPI, toluene) for C182H206N8 (M
+),
calcd: 2505.6426, found: 2505.6502. Rf (hexanes/CH2Cl2 2:1) (%) =
0.46. (AB)3-triporphyrin−HPB 13.
1H NMR (400 MHz, CDCl3, rt):
δ (ppm) = 8.98 (d, J = 4.7 Hz, 6H), 8.94 (d, J = 4.3 Hz, 6H), 8.85 (d,
J = 4.5 Hz, 6H), 8.62 (d, J = 4.3 Hz, 6H), 8.15 (d, J = 1.9 Hz, 12H),
8.11 (d, J = 1.9 Hz, 6H), 7.92 (d, J = 8.0 Hz, 6H), 7.88 (d, J = 1.8 Hz,
6H), 7.82 (d, J = 1.8 Hz, 3H), 7.60−7.46 (m, 18H), 1.61 (s, 135H),
1.55 (s, 54H), −2.69 (s, 6H). 13C{1H} NMR (101 MHz, CDCl3, rt):
δ (ppm) = 149.0, 148.84, 148.75, 141.5, 141.3, 141.1, 140.92, 140.86,
139.2, 138.4, 133.1, 132.1, 130.1, 130.0, 129.8, 124.1, 121.3, 121.0,
120.0, 35.04, 35.00, 34.7, 31.8, 31.7. IR: ν ̃ (cm−1) = 2954, 1592, 1475,
1393, 1362, 1246. UV/vis (THF): λ (nm) (ε (M−1cm−1)) = 421
(1 350 000), 516 (57 200), 550 (33 400), 593 (18 500), 648
(16 800). Fluorescence (THF, λexc. = 419 nm): λemission (nm) (rel.
int.) = 652 (1.00), 717 (0.21). MS (MALDI, DHB): m/z (rel. int.) =
3320.21 (M+, 100%). HRMS (ESI, CH3CN) for C240H270N12 (M
2+),
calcd: 1662.0854, found: 1662.0841. Rf (hexanes/CH2Cl2 2:1) (%) =
0.36. A2B2AB-triporphyrin−HPB 14.
1H NMR (400 MHz, CDCl3,
rt): δ (ppm) = δ 8.98−8.57 (m, 24H), 8.20−8.02 (m), 7.96 (s),
7.89−7.76 (m), 7.67−7.58 (m), 7.54−7.43 (m), 7.41−7.27 (m),
7.06−6.93 (m), 1.66−1.46 (m), 1.42 (s), 0.62 (s), −2.73 (s, 2H),
−2.77 (s, 4H). 13C{1H} NMR (101 MHz, CDCl3, rt): δ (ppm) =
157.3, 148.74, 148.66, 148.61, 148.51, 148.45, 147.9, 141.6, 141.5,
141.2, 140.9, 140.6, 139.7, 139.1, 138.4, 138.1, 133.0, 132.8, 132.1,
131.7, 131.3, 131.1, 130.1, 129.9, 129.73, 129.73, 129.65, 129.0, 127.2,
124.0, 123.8, 123.2, 121.3, 121.11, 121.07, 120.9, 120.0, 119.7, 118.9,
35.11, 35.08, 35.05, 34.6, 34.5, 34.4, 34.1, 31.82, 31.77, 31.7, 31.6,
31.4, 30.9. IR: ν ̃ (cm−1) = 2960, 1591, 1474, 1362, 1246. UV/vis
(THF): λ (nm) (ε (M−1cm−1)) = 420 (1 310 000), 515 (58 200), 549
(30 200), 591 (17 400), 648 (15 000). Fluorescence (THF, λexc. = 419
nm): λemission (nm) (rel. int.) = 652 (1.00), 717 (0.23). MS (LDI): m/
z (rel. int.) = 3321.09 (M+, 100%). HRMS (ESI, CH3CN/toluene)
for C240H270N12 (M
2+), calcd: 1662.0854, found: 1662.0861. Rf
(hexanes/CH2Cl2 2:1) (%) = 0.50.
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Abstract: Single-molecule electronic components (SMECs)
are envisioned as next-generation building blocks in quantum
circuit systems. However, challenges such as the reproducibility
of the electrode attachment to the individual molecules hamper
their fundamental investigation. For our purpose, we intro-
duced quasi optoelectronic electrodes (QOEs) that allow for
rapid investigations of the properties and suitability of com-
pounds for molecular electronic devices. In particular, we
probed hexa-peri-hexabenzocoronene (HBC) as a model
system for D6h-symmetrical nanographenes, with porphyrins
as QOEs attached to the periphery. We prepared selectively bis-
porphyrin-functionalized HBCs with ortho-, meta- and para-
substitution and studied their communication properties, in
correlation to the geometrical alignment and size of the system,
by electrochemistry and optical spectroscopy. Further insights
into structure–property relationships were gained by DFT
calculations and X-ray diffraction analysis.
Since the invention of conventional electronic components
in the 1950s, the growth in technological advancement, as
described by Moore s Law,[1] has gone hand in hand with the
subsequent downsizing of the electronic elements. In this
context, the ultimate nanosized electronics can be envisioned
as electronic circuits based on single-molecule electronic
components (SMECs).[2] Unlike conventional macroscopic
systems, at the transition to the molecular level (< 100 nm)
quantum mechanical effects, such as the Coulomb blockade[3]
and rectification,[4] start to determine the performance of
electronic devices. Subsequently, it is crucial to gain full
control over the shape and size and therefore the character-
istics of molecules used for SMECs. Nanographenes, which
are small fragments of the periodic 2Dmaterial graphene, and
related structures have received considerable attention in
recent years.[5] Due to their unique (opto)electronic proper-
ties,[6] intensive investigations towards efficient and atomi-
cally precise bottom-up syntheses and functionalization,[7] as
well as applications, such as in molecular electronic devices,[8]
have been conducted. Aside from difficulties in the selective
preparation of suitable compounds, another obstacle prevent-
ing SMECs from commercial application is based on the poor
control over the connection of the molecules to the electro-
des.[9]Break junction experiments, which rely on, for example,
strong interactions between gold electrodes and sulfur-
containing anchor groups, prove to be quite efficient in
binding the molecules. However, they often fail in controlling
the specific coordination site at the electrodes, which leads to
fluctuations in each device performance.[2] Recently, a variety
of molecules, including porphyrins,[9, 10] oligothiophenes,[11]
and hydrocarbons,[12] were investigated in single-molecule
conductance studies in correlation to their length and
conformational state.
Herein, our interest is focused on the effect of the relative
position of the electrodes within the nanographene and how it
relates to the size of the p-system. For that purpose, we
decided not to build actual molecular electronic devices, but
rather to prepare model compounds that enable predictions
about the potential characteristics of a SMEC in dependence
of the angular alignment of the electrodes. We used D6h-
symmetrical hexa-peri-hexabenzocoronene (HBC), a hexago-
nal fragment of graphene, which allows for the geometrically
precise functionalization at the periphery. We prepared
selectively a logical series of bis-functionalized HBCs with
ortho-, meta-, and para-substitution (Figure 1). To overcome
the difficulty of the electrode attachment at an HBC-based
electronic component, we introduced peripherally attached
porphyrins as quasi optoelectronic electrodes (QOEs).[12d]
This enabled us to study the electronic communication
between the porphyrins across the nanographene s p-system
by optical spectroscopic methods.[13] Finally, we aimed to
determine whether fluctuations in device performances, due
to different electrode alignments, are size-dependent and how
they can be utilized in nanographene-based integrated
circuits.[14]
A general strategy to the desired ortho-, meta-, and para-
conjugates 7Zn, 8Zn, and 9Zn is depicted in Scheme 1. We
followed a post-functionalization approach, relying on Suzuki
coupling reactions of appropriately halogenated HBCs with
borylated porphyrin 10. For this reason, ortho- and para-
unsubstituted hexaphenylbenzenes (HPBs) 1 and 3 were
prepared via the established Diels–Alder strategy, by reacting
tetracyclones with tolans. In contrast, the uncommon meta-
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unsubstituted HPB 2 is not available via standard techniques.
Typically, tris-substituted systems with a 1,3,5-substitution
pattern obtained from [2+2+2] cyclotrimerization reactions
of unsymmetrical tolans are used as meta-equivalents.[15]
However, we synthesized meta-HPB 2 selectively by the
recently developed FpNA (functionalization of para-nitro-
aniline) method.[16] The syntheses of 1, 2, 3, and 10 as well as
the respective precursors are described in the Supporting
Information. With unsubstituted HPBs 1, 2, and 3 in hand,
we carried out a selective bis-iodination at the respective
vacant peripheral positions, utilizing [bis(trifluoro-
acetoxy)iodo]benzene and I2, which yielded the bis-iodo
HPBs in good yields.[16,17] The oxidation reactions providing
the planar bis-iodo-HBCs 4, 5, and 6 were carried out under
standard Scholl conditions with FeCl3 as an oxidant.
[16] Finally,
the Suzuki coupling reactions of 4, 5, and 6 with boronic ester
porphyrin 10, Pd(PPh3)4, and Cs2CO3 yielded the ortho-,
meta-, and para-conjugates 7Zn, 8Zn, and 9Zn in moderate
yields of around 50%. Typical side products were mono-
coupled, mono-dehalogenated conjugates. Attempts at
changing the labile iodide to the more robust bromide via
bromination of 1, 2 and 3, which is known for the preparation
Figure 1. HBC as a molecular model system for graphene-based
electronics, probed by porphyrins as quasi optoelectronic electrodes
(QOEs) in ortho-, meta-, and para-geometry.
Scheme 1. Synthesis of ortho-, meta-, and para-bis-porphyrinatozinc(II) HBCs 7Zn, 8Zn, and 9Zn ; a) Bis(trifluoroacetoxy)iodo]benzene, I2, CH2Cl2 ;
b) FeCl3, CH3NO2, CH2Cl2 ; c) 10, Pd(PPh3)4, Cs2CO3, toluene, DMF; full synthetic details are given in the Supporting Information; the single-
crystal X-ray structure of meta-HPB 2 is depicted as an ORTEP model with thermal ellipsoids drawn at 50% probability; hydrogen atoms are
omitted for clarity.[24]
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of hexa-bromo-HPB,[18] resulted in unselective over-bromi-
nation of the HPBs. Since the yields for isomers 7Zn, 8Zn, and
9Zn were virtually equivalent, the effect of steric repulsion on
the reaction efficiency can be ruled out. Alternatively, ortho-
substituted systems like 7 can be prepared via a Diels–Alder
route[19] (see the Supporting Information) or by a mixed
cyclotrimerization approach.[20]
The electronic interaction between the two porphyrins via
the HBC unit was investigated by UV/Vis absorption and
steady-state emission spectroscopy as depicted in Figure 2
and summarized in Table 1. Depending on the substitution
geometry, different spectral features are observed. The most
distinct indicator is the shape of the porphyrin B-band (Soret
band), which changes clearly with respect to the relative
orientation of the porphyrins.[21] The B-band is, compared to
that of reference porphyrin tetra(3,5-di-tert-butylphenyl)por-
phyrinatozinc(II) (Figure 2, black line in insert), redshifted
and significantly broadened. The ortho-conjugate 7Zn shows
an absorption maximum at 424 nm with a small shoulder at
435 nm, whereas in the case of meta-porphyrin-HBC 8Zn the
B-band is split, with one maximum at 425 nm and a shoulder
peak at 433 nm. The para-conjugate 9Zn shows a more
distinct split of the B-band, with two maxima at 426 nm and
435 nm. The B-band shows a distinct correlation between
substitution geometry and electronic properties. The left
(higher-energy) maximum
of the B-band decreases in
intensity and is redshifted in
the order ortho-, meta-,
para-geometry. The inten-
sity of the right (lower-
energy) maximum, how-
ever, shows the opposite
trend. Noteworthy, HBCs
functionalized with only
one porphyrin show no
split in the B-band absorp-
tion.[13a,f] Therefore, the rel-
ative distortions of the B-
band can be understood as
a qualitativemeasure for the
electronic communication
across nanographene-based
SMECs. Interestingly, the
HOMO–LUMO optical
transitions, reflected in the
porphyrins Q-bands, remain
unaffected by the substitu-
tion pattern and appear at
550 and 590 nm for all three
isomers. Also, the absorp-
tion of the HBC’s b-band is
unaffected by the substitu-
tion geometry and appearsFigure 2. Absorption and emission spectra of 7Zn, 8Zn, and 9Zn, measured in CH2Cl2 at room temperature;
a) absorption spectra; inserts show magnifications of the B-band (left) and Q-bands (right); spectrum of
reference compound tetra(3,5-di-tert-butylphenyl)porphyrinatozinc(II) (black, dashed) is added to the magnifi-
cation of the B-bands; b)–d) steady-state fluorescence emission spectra
of zinc-porphyrin-HBCs 7Zn, 8Zn, and 9Zn.
Table 1: Spectroscopic and electrochemical data for 7Zn, 8Zn, and 9Zn,
recorded at room temperature in CH2Cl2. For the electrochemical
experiments, Fc/Fc+ served as the reference and 0.1m TBAPF6 as the
supporting electrolyte. A glassy carbon electrode was used as the
working electrode, platinum wire as the counter electrode, and silver wire
as the reference electrode. The scan rate was 0.01 Vsˇ1.
ortho-7Zn meta-8Zn para-9Zn
Abs: lSoret/ nm
(e/ 104mˇ1cmˇ1)
423.8 (53.1)
435 (28.3)[a]
425.4 (50.0)
433 (40.7)[a]
425.8 (45.9)
434.6 (46.5)
Abs: lQ-bands/ nm
(e/ 104mˇ1cmˇ1)
550 (3.50)
589 (0.92)
551(3.60)
589 (1.00)
551(3.80)
589 (1.10)
FWHMSoret/ nm 21.7 23.1 24.9
Fluo: lexc : b-band
lemi/ nm (rel. int.)
600 (0.25)
648 (0.27)
600 (0.28)
647 (0.27)
600 (0.30)
647 (0.29)
Fluo: lexc : Sor-
etmax
lemi/ nm (rel. int.)
599 (0.99)
648 (1.00)
600 (1.00)
649 (0.95)
600 (1.00)
650 (0.92)
Ered1, Ered2, Ered3/ V ˇ1.8, ˇ1.7,
ˇ1.5
ˇ1.8, ˇ1.7,
ˇ1.5
ˇ1.8, ˇ1.7,
ˇ1.5
Eox1, Eox2, Eox3/ V 0.7, 1.0, 1.3 0.7, 1.0, 1.3 0.7, 1.0, 1.3
Eg/ eV 2.2 2.2 2.2
[a] Shoulder.
Angewandte
ChemieCommunications
8934 www.angewandte.org ⌫ 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2019, 58, 8932 –8937
3 Included Publications 
Reprinted with permission from “M. M. Martin, D. Lungerich, P. Haines, F. Hampel, N. Jux,  
Angew. Chem. Int. Ed. 2019, 58, 8932 – 8937” Copyright 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. 
45 
 
at 357 nm for all three isomers 7Zn, 8Zn, and 9Zn.
Steady-state fluorescence spectra (Figure 2b–d) show
upon excitation of the HBC’s b-band at 357 nm, similar to
that of previously reported HBC-porphyrin conjugates,[13a,d–f]
an efficient energy transfer from the central HBC core to the
porphyrins. Therefore, only fluorescence of the porphyrins 
Q-bands at 600 and 648 nm is visible. Direct excitation of the
porphyrins  B-band results in the same fluorescence signals,
though at a higher intensity. With respect to substitution
geometry, the emission intensity at 648 nm is slightly higher
than that at 600 nm for the ortho-conjugate 7Zn, whereas for
meta- and para-systems 8Zn and 9Zn the opposite is true.
Spectroscopic details are listed in Table 1. The same absorp-
tion/emission behavior can be observed for the respective
free-base conjugates 7FB, 8FB, 9FB (see the Supporting
Information, Figure S5). Compounds 7Zn, 8Zn, and 9Znwere
characterized electrochemically by cyclic and differential
pulse voltammetry in CH2Cl2 with Fc/Fc
+ used as the
reference and 0.1m TBAPF6 as the supporting electrolyte.
They all display three reduction and oxidation steps (Table 1
and Figures S7–S9). The HOMO–LUMO gaps of 7Zn, 8Zn,
and 9Zn, determined by the difference of the first reduction at
ˇ1.5 V and the first oxidation at 0.7 V, are 2.2 eV, in good
agreement with the optical band gaps (Table 1). In cyclic
voltammetry, the oxidations are reversible, while the reduc-
tion steps show quasi-reversible behavior. However, the
optoelectronic details are not resolved in the electrochemcial
measurements.
The porphyrins of the ortho system 7Zn are sterically
more congested than those of the meta and para conjugates
8Zn and 9Zn. However, a decrease in communication, due to
the orthogonal alignment of the porphyrin and HBC plane,
can be excluded. As shown in Figure 3a,b, the single-crystal
X-ray structure of 7FB clearly demonstrates dihedral angles
< 908.[24] In order to better understand the spectroscopic data
of the bis-porphyrin-HBCs, we conducted DFT calculations
at the B3LYP 6-31G* level of theory (Figure 3c). We replaced
the tBu groups and the central Zn ion by hydrogens to reduce
computational cost. With an increasing core-to-core distance
of the porphyrins from 10.7ä to 18.3ä and 21.3ä for the
ortho-, meta-, and para-conjugates, respectively, through-
space communication has only minor impact on the spectral
features. However, the situation is more distinct upon
inspecting the molecular orbitals. Although most of the
electron distribution of the highest occupiedmolecular orbital
(HOMO) is located on the porphyrins, part is also based on
the HBC core. Hereby, the conjugation pathway is found to
go always across the middle ring of the HBC core. In the ortho
case, the communication takes an angular pathway through
the HBC’s central ring, rather than through the biphenyl
fragment.[23] Less pronounced, this indirect pathway is also
true for the meta conjugate. On the other hand, para
structures find their most direct communication through the
middle of the HBC.
In order to find the correlation between the size of the
nanographenes and the angle formed by their substituents,[22]
we compared the spectroscopic data of the benzene-spaced
ortho, meta, para bis-porphyrin conjugates, published by Joo,
Osuka, Kim, and co-workers.[21a] We noticed that the higher-
energy maximum of the B-band undergoes an angle-depen-
dent shift (Table S3), similar to that presented by our HBC
systems. The lower-energy maximum (if it exists), however, is
always located at ⇡ 434 nm, regardless of whether the
porphyrins are linked via a benzene or HBC spacer. There-
fore, based on the position of the higher-energy maximum, we
define an angular response parameter from the ratio lhE-
max(o,m,p)/lhE-max(o) and plotted it against the substitution
angle. As shown in Figure 4a, a quadratic fit describes the
angle dependency, which is significantly stronger for the small
benzene fragment (blue line) than for the larger hexabenzo-
coronene (red line). From the second derivative of the
parabolic dependency, the angular response coefficient car is
plotted against the diameter of the nanographene (Fig-
ure 4b).[11a] From the linear fit, we estimate a threshold
diameter of ⇡ 14ä for D6h-symmetric peri-condensed nano-
graphenes. Thus, if one considers the next larger nano-
graphene with an armchair periphery (C114) and a diameter of
19.8ä, the substitution geometry should have only a minor
influence on the (opto)electronic characteristics.
In conclusion, we have described the successful prepara-
tion and characterization of a logical series of ortho-, meta-,
and para-bis-porphyrin-functionalized hexabenzocoronenes.
Depending on the substitution pattern, a distortion of the
porphyrins  B-band, which reflects the strength of the
Figure 3. Single-crystal X-ray structure of 7FB;[24] a) ORTEP model with
thermal ellipsoids drawn at 50% probability; hydrogen atoms and
solvent molecules are omitted for clarity; b) stick model; aryl moieties
omitted for clarity; c) geometry-optimized structures of free-base
ortho-, meta-, and para-bis-porphyrin-HBC conjugates 7FB, 8FB, and
9FB and depiction of the highest occupied molecular orbitals
(HOMOs) at the DFT B3LYP 6-31G* level of theory; tBu groups were
replaced by H-atoms; orbitals are visualized at an iso-value of 0.015.
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electronic interaction between the two optical electrodes in
the ground state, was observed. Hereby, the porphyrins 
interaction via the HBC’s p-surface increases from ortho-, to
meta-, and para-alignment. Hence, depending on the geo-
metrical arrangement, specific electric resistances can be
addressed. However, comparison of the herein found depend-
ency with that of related benzene-spaced conjugates suggests
that this effect becomes neglectable for nanographenes with
diameters > 14ä. In order to verify this hypothesis, we are
working on the preparation of larger bis-porphyrin-substi-
tuted nanographenes. While the observed photophysical
phenomena require further investigation, the first experi-
mental insights are important steps towards understanding
and engineering novel nanographene-based electronics.
Time-resolved photophysical experiments as well as in-
depth time-dependent DFT calculations are currently in
progress.
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Multiple-Porphyrin Functionalized Hexabenzocoronenes
Max M. Martin,[a] Dominik Lungerich,[a] Frank Hampel,[a] Jens Langer,[b] Tanya K. Ronson,[c]
and Norbert Jux*[a]
Abstract: Porphyrin–hexabenzocoronene architectures serve
as good model compounds to study light-harvesting sys-
tems. Herein, the synthesis of porphyrin functionalized hexa-
peri-hexabenzocoronenes (HBCs), in which one or more por-
phyrins are covalently linked to a central HBC core, is pre-
sented. A series of hexaphenylbenzenes (HPBs) was pre-
pared and reacted under oxidative coupling conditions. The
transformation to the respective HBC derivatives worked
well with mono- and tri-porphyrin-substituted HPBs. Howev-
er, if more porphyrins are attached to the HPB core, Scholl
oxidations are hampered or completely suppressed. Hence,
a change of the synthetic strategy was necessary to first pre-
form the HBC core, followed by the introduction of the por-
phyrins. All products were fully characterized, including, if
possible, single-crystal XRD. UV/Vis absorption spectra of
porphyrin-HBCs showed, depending on the number of por-
phyrins as well as with respect to the substitution pattern,
variations in their spectral features with strong distortions of
the porphyrins’ B-band.
Introduction
Hexaphenylbenzenes (HPBs) and their oxidized derivatives
hexa-peri-hexabenzocoronenes (HBCs) have received tremen-
dous attention during the past 20 years in materials chemistry,
for example in molecular electronics and nonlinear optics.[1–5]
They have proven to be a suitable scaffold for catalytic applica-
tions,[6, 7] the design of supramolecular architectures,[8, 9] as well
as a perfectly sized template for the preparation of nano-
ring[10,11] and nano-ball[12] structures. In contrast, porphyrins
and related macrocycles, which are found in nature in different
appearances such as heme, chlorophyll, or bacteriochlorophyll,
have attracted the attention from the scientific community
ever since their discovery. Due to their photophysical charac-
teristics, featuring high extinction coefficients in the visible-
light region, porphyrins have proven to be an ideal chromo-
phore for light-harvesting architectures.[13–21] The combination
of both building blocks, porphyrins and HPBs, was initiated in
2002 by the synthesis of a HPB core, surrounded by six directly
meso-attached porphyrins.[22] Subsequently, the compound
class of porphyrin-HPBs expanded to a library of extraordinary
light-harvesting arrays.[22–31] Their oxidized derivatives, porphy-
rin-HBCs,[32–41] however, did not evolve parallel to the discover-
ies of novel porphyrin HPBs, although their preparation seems
to be the logical continuation of the HPB architectures. The
first directly linked porphyrin-HBC was reported in 2013, it was
synthesized in an intramolecular oxidative cyclodehydrogena-
tion reaction of the respective porphyrin-HPB.[33] The transfor-
mation, commonly known as “Scholl reaction”, turns a flexible,
nonconjugated HPB moiety into a planarized, aromatic HBC
unit, which significantly influences the porphyrins’ characteris-
tics. For example, due to an electronic coupling between the
two p-systems, a broadening and bathochromic shift of the
UV/Vis absorption bands of the porphyrin was observed. In the
recent years, compounds, in which one porphyrin is meso-con-
nected to several HBCs (up to four),[34,35,38] to graphene nano-
ribbons[36] or even fused to HBC units,[39] were developed.
However, systems in which one HBC is connected to several
porphyrins have remained unknown until very recently. This
year, our group reported the synthesis of a series of bis-por-
phyrin-HBC conjugates (Figure 1), which was utilized to study
the effects of the HBCs’ substitution geometry.[40] Furthermore,
bis-porphyrin-substituted HBCs and extended HBC derivatives,
were very recently prepared to investigate the influence of the
nanographenes’ length.[41] Given that these two studies[40,41]
showed that both the substitution geometry and the size of
the nanographene have a clear impact on the photophysical
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properties, we decided to further elucidate the characteristics
of porphyrin–nanographene hybrid materials. Herein, we de-
scribe the synthesis of multiple-porphyrin HBC conjugates with
a functionalization degree of up to six porphyrins per HBC and
study the effect of the number of porphyrins on the character-
istics (Figure 1). For that purpose, HBCs substituted by several
porphyrins were prepared by either Scholl transforma-
tions[33,35, 38] of respective porphyrin-HPBs,[22,24,31] or by Suzuki
type cross-coupling reactions between iodo-HBCs and boronic
ester porphyrins.[40]
Results and Discussion
First, mono-porphyrin-HBC 6,[33,38] previously made by us
through a different route, was prepared as a reference com-
Figure 1. HBC as a model system for nanographenes with porphyrins direct-
ly attached to the periphery. Influence of the geometrical alignment (previ-
ous work, left side) and the amount (this work, right side) of porphyrins on
the HBC core.
Scheme 1. Synthesis of mono- and tri-porphyrin-HBCs 6, 7, and 8. Molecules 3, 4, and 6 are depicted as X-ray crystal structures (for details see the Supporting
Information).[45] a) Ph2O, 260 8C, mW; b) Ni(acac)2, toluene, 110 8C; c) Co2(CO)8, toluene, 110 8C; d) H2SO4, CH2Cl2, 0 8C; e) FeCl3, CH3NO2, CH2Cl2, 0 8C. Excess
amounts of FeCl3 (29–41 equiv) were used for the Scholl oxidation as these conditions form the respective HBC derivatives efficiently within a relatively short
amount of time (<24 h).
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pound (Scheme 1). For this purpose, mono-porphyrin-tolane
1[31] was synthesized in a literature-known statistical porphyrin
condensation and reacted with tetracyclone 2[40,42] to the
mono-porphyrin-HPB 3.[31, 38] The transformation to the respec-
tive HBC derivative 6 worked almost quantitatively using FeCl3
as the oxidant. Tolane-porphyrin 1 is further suitable for the
preparation of tri-porphyrin-substituted HPBs. Therefore, 1 was
metallated with nickel and used in a cobalt-catalyzed cyclotri-
merization reaction, yielding the two isomers 4·Ni3, and
5·Ni3.
[31] After demetallation with conc. H2SO4, which facilitates
purification and separation, 4 and 5 were obtained in 13 and
68% yield, respectively. Isomers like 4, with a 1,3,5-substitution
pattern, often form as the minor product during trimerization
reactions due to statistical and electronic effects.[43,44] The
Scholl oxidation to the respective tri-porphyrin-HBCs proceed-
ed smoothly and both products 7 and 8 were obtained in ex-
cellent yields. Clearly, the presence of multiple porphyrins does
not hamper Scholl oxidations in this case, regardless of the
substitution pattern. All synthetic details are described in the
Supporting Information.
Next, we aimed to prepare a porphyrin-saturated HBC com-
pound, which is substituted by six porphyrins. For that, we
planned to transform a hexa-porphyrin-substituted HPB 10,
which is well accessible and already known in the litera-
ture,[22,29,31] to the respective HBC derivative 11 (Scheme 2).
First, di-porphyrin-tolane 9·Ni2
[31] was prepared in a Sonoga-
shira cross-coupling reaction and subjected to a cobalt-cata-
lyzed cyclotrimerization reaction. Hexa-porphyrin-substituted
HPB 10 was obtained, after demetallation, in 62% yield. The
final transformation to the target molecule hexa-porphyrin-
HBC 11, however, did not proceed as expected. The conditions
we typically apply for Scholl oxidation (FeCl3/CH3NO2 in
CH2Cl2), failed to deliver the central hexabenzocoronene. In-
stead, precursor 10 was recovered quantitatively. Variations of
the reaction conditions (reaction time, amount of FeCl3,
change of oxidant/Lewis acid) did not lead to any successful
formation of the desired HBC product 11.
Although many different oxidant/Lewis acid combinations
for Scholl oxidations exist[46,47] and the mechanism is still not
fully understood,[48–52] we suspect that the reason behind the
failure of HBC formation of 10 stems from its structure. On the
one hand, the HPB core is sterically well shielded due to the ar-
rangement of the bulky porphyrins around it. Additionally,
given that the porphyrins are in their free-base form, proton-
ation occurs under the acidic reaction conditions, leading to
positively charged porphyrin-HPB conjugates. Coulombic re-
pulsion between the charged porphyrins and the oxidant Fe3+
further hampers the reactivity. To avoid electrostatic effects, we
introduced metals to the porphyrin core. First, zinc was tested
and hexa-zinc-porphyrin-HPB 10·Zn6 was prepared and reacted
in a Scholl oxidation. However, zinc did not endure the acidic
reaction conditions and therefore, demetallation occurred as
the only reaction,[35,40] yielding free-base porphyrin-HPB 10 as
the product. Given that more robust metal complexes were re-
quired, nickel was inserted into the porphyrins. Hexa-nickel-
porphyrin-HPB 10·Ni6 was subjected to the conditions used for
Scholl reactions and in contrast to all previous attempts, reac-
tivity was observed and new product spots were detected by
TLC. However, rather than forming the desired HBC product, it
seemed that the peripheral porphyrins have reacted with their
meso-3,5-di-tert-butylphenyl substituents (Scheme 3), as it has
already been shown for other 3,5-di-tert-butylphenyl-substitut-
ed nickel porphyrins.[53–55] Owing to the possibility of forming
up to three different isomers i1, i2, i3 per porphyrin, an insepa-
rable mixture of products was obtained, which showed neither
in NMR nor in UV/Vis spectroscopy indications of an HBC for-
mation (Figures S40 and S41, Supporting Information). All reac-
tion conditions, which were tested to initiate the Scholl oxida-
tion, are summarized in Table 1. To get a better understanding
about the failure of HBC formation of 10, calculations were
performed (see Figure S6). From a theoretical perspective, HBC
formation seems to be unlikely with hexa-porphyrin-HPB 10,
because most of the highest-occupied molecular orbital
(HOMO) electron density is located on the porphyrins and only
Scheme 2. Planned synthetic route towards hexa-porphyrin-HBC 11 through cyclotrimerization and Scholl reaction. a) Co2(CO)8, toluene, 110 8C; b) H2SO4,
CH2Cl2, 0 8C.
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little on the HPB unit. Thus, the preferred point of oxidation is
rather at the porphyrins than at the HPB.
Given that transformations of hexa-porphyrin-HPB 10 to the
corresponding HBC could not be achieved, a new strategy was
developed in which the HBC was preformed before the attach-
ment of the porphyrins (Scheme 4). Therefore, hexa-iodo-HPB
12[56,57] was prepared and oxidized to the HBC derivative
13.[58,59] Then, HBC 13 was reacted with the boronic ester por-
phyrin[40,60] 14·Zn in a six-fold Suzuki reaction to the desired
product 11. In spite of the spatially restricted situation of the
product and the very low solubility of hexa-iodo-HBC 13, the
six-fold Suzuki reaction worked sufficiently and produced
hexa-porphyrin-HBC 11, after demetallation, in 36% yield.
The successful formation of hexa-porphyrin-HBC 11 was veri-
fied by NMR spectroscopy, which shows clear differences be-
tween the HPB and HBC species (see 1H NMR, Figure 2). Char-
acteristic for directly linked porphyrin-HBC compounds[33–35,38, 40]
are the most downfield-shifted signals around 10 ppm, which
originate from the HBC protons close to the porphyrin. Due to
the high symmetry of 11 (D6h) the NMR spectrum is rather
simple for a molecule with a molar mass M=5762 Da. The
proton signal for the HBC core for example, is only noticeable
as one singlet at 10.33 ppm. A comparison between the spec-
tra of 10 and 11 shows that the resonances of the protons
close to the HPB/HBC core experience the strongest chemical
shifts. For example, signals of the b-pyrrolic protons of HPB 10
show up at 7.97 ppm whereas the most downfield-shifted
ones of the HBC derivative are found at 9.06 ppm. Further-
more, for HPB system 10, the resonances of the porphyrins’
outwards pointing aryl rings (Figure 2, drawn in yellow) appear
sharp whereas the signals of the other aryl rings are broad-
ened.[22] This is also true for the tert-butyl groups, which
almost vanish. The broadening of some signals is due to the
sterically stressed situation in 10 resulting in restricted rota-
Scheme 3. Suggested reaction products of Scholl oxidation with hexa-nickel-porphyrin-HPB 10·Ni6. The reaction is simplified by showing only one porphyrin
of 10·Ni6. For a single-bond formation, up to three different isomers per porphyrin are feasible.
Table 1. Scholl reaction conditions, which were tested to prepare hexa-
porphyrin-HBC 11.
Molecule Reaction conditions Reaction type Product
10 FeCl3 (118 equiv) / 10
(recovered)
10 DDQ (9 equiv) triflic
acid (24 equiv)
/ 10
(recovered)
10·Zn6 FeCl3 (119 equiv) demetallation 10
10·Ni6 FeCl3 (125 equiv) fusion of meso aryl sub-
stituents to porphyrin
mixture of
isomers
Scheme 4. Successful synthesis of hexa-porphyrin-HBC 11 through Suzuki reaction. a) FeCl3, CH3NO2, CH2Cl2, 0 8C; b) Pd(PPh3)4, Cs2CO3, toluene, DMF, 80 8C;
c) trifluoroacetic acid, CHCl3.
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tional freedom.[22] For the HBC derivative 11, on the
other hand, the rigid HBC core results in sharp ap-
pearance of all signals.
X-ray diffraction analysis (XRD) with single crystals
of 11 and 11·Zn6 turned out to be challenging. Due
to the size of the molecules with the chemical com-
position of C414H450N24 (11) and C414H438N24Zn6 (11·Zn6)
and the therefore expected large unit cells, only
weak diffraction patterns were obtained. To get suffi-
cient crystallographic data, either high X-ray intensi-
ties or large crystals were required. Given that the
crystallization attempts of zinc-porphyrin-HBC 11·Zn6
generated only small crystals, synchrotron X-ray in-
tensities[61] were required to obtain suitable crystallo-
graphic data (Figure 3). Molecules 11·Zn6 are ar-
ranged in a monoclinic crystal system with a unit-cell
volume of approximately 53000 ä3. Solvent mole-
cules incorporated into the crystal were highly disor-
dered and therefore removed during refinement.
However, MeOH, which was used as the anti-solvent,
was properly modelled for each porphyrin because it
is coordinated to the central zinc ion. Crystallization
attempts of the free-base form of 11, in contrast,
yielded large crystals (0.7î0.5î0.5 mm3), which were
suitable for measurements on a standard X-ray dif-
fractometer (Figure 4).[62] In this case, the molecules
are oriented in a hexagonal crystal system with a
unit-cell volume of approximately 130000 ä3. A com-
parison of the crystal packing shows a difference in
solid-state arrangement of molecules 11 and 11·Zn6,
respectively, with an interlocked packing motif for
the zinc derivative (Figure 3b, c) and a columnar ar-
rangement for the free-base form (Figure 4b, c). Al-
though the datasets of both structures are not suit-
Figure 2. 1H NMR (400 MHz, CDCl3, rt) of hexa-porphyrin-HPB 10 (top) and hexa-porphyrin-HBC 11 (bottom). Calculated structures (semi empirical, PM6) are
depicted; hydrogen atoms are omitted for clarity.
Figure 3. a) Structural motif of hexa-zinc-porphyrin-HBC 11·Zn6 with MeOH coordinated
to each central zinc atom; [32] b) top view of eight molecules of 11·Zn6 ; c) side view of
four molecules of 11·Zn6 ; b), c) 3,5-di-tert-butylphenyl groups and hydrogen atoms as
well as disordered groups are omitted for clarity.
Figure 4. a) Structural motif of hexa-free-base-porphyrin-HBC 11; b) top view of eight
molecules of 11; c) side view of four molecules of 11; b), c) 3,5-di-tert-butylphenyl groups
and hydrogen atoms as well as disordered groups are omitted for clarity.
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able for detailed structural discussions, they unambiguously
verify the successful formation of the desired hexa-porphyrin-
substituted HBCs 11 and 11·Zn6.
UV/Vis absorption spectra were recorded for all porphyrin-
HPB and HBC compounds and showed variations in their spec-
tral features. Depending on the number of porphyrins, their
substitution pattern, and core unit (HPB or HBC), different pho-
tophysical characteristics were observed. For the hexaphenyl-
benzene linked conjugates 3, 4, 5, and 10 the B-band (Soret
band) absorptions appear as sharp signals with full width at
half maximum (FWHM) values of 11.6–13.8 nm and molar ex-
tinction coefficients per porphyrin eB-band/n(porphyrin) of 4.00–
5.00·105mˇ1cmˇ1.[31] The transformation to the corresponding
porphyrin-HBCs, significantly changes the photophysical prop-
erties.[33,38] As an example, the spectra of mono-porphyrin-HPB
3 and HBC 6 are depicted in Figure 5 (blue and purple lines).
The B-band of mono-porphyrin-HBC 6 is redshifted, decreased
in intensity, and significantly broadened with respect to the
HPB precursor 3 (see Table 2). Furthermore, an additional ab-
sorption band, originating from the newly formed HBCs’ p-
system, arises at 357 nm. A comparison of the UV/Vis absorp-
tion features of hexabenzocoronene centered compounds 6, 7,
8, 11 (Figure 5) shows that the number of porphyrins and the
substitution pattern conspicuously influence the spectral prop-
erties. Compared with the HPB analogues, the porphyrins’ B-
band is split and considerably broadened, if more than one
porphyrin is attached to the HBC core. Similar characteristics
were observed for recently reported bis-porphyrin-substituted
HBCs,[40] which showed, depending on the substitution geome-
try, split B-band absorptions as well (Figure S11, Supporting In-
formation). Interestingly, the right (lower-energy) maximum is
always located at the same position, 432 nm, for 7, 8, 11, as
well as for para-bis-porphyrin-HBC[40] and only the left (higher-
energy) maximum is shifted. The position of the Q-bands, and
therefore the optical band gap, remains unaffected by the
number of porphyrins. The intensity of the HBCs’ b-absorption,
however, is strongly dependent on the number of porphyrins.
The most pronounced b-band was found for mono-porphyrin-
HBC 6, whereas for tri-porphyrin-HBCs 7 and 8 a decreased,
and for hexa-porphyrin-HBC 11, no distinct maximum, due the
superposition with the porphyrins’ absorption, were observed.
The spectral variations of porphyrin-HBCs compared with
the HPB-linked derivatives are much more pronounced, due to
the HBCs’ conjugated p-system, which is in contrast to the
flexible HPB bridge, more effective in elongating the p-
conjugation pathway. On the one hand, the large aromat-
ic p-system of the HBC itself influences the porphyrins’
electronic characteristics (compare mono-porphyrin HPB 3
vs. HBC 6) and on the other hand, the HBC unit facilitates
electronic interaction between the porphyrins. In our
study with bis-porphyrin substituted HBCs[40] we already
investigated the communication ability across HBC
bridges and suggested that the degree of the B-bands’
distortion can be used as a qualitative tool to measure
the electronic interaction between the porphyrins.[40] The
herein presented porphyrin-HBCs follow this trend, for ex-
ample, tri-porphyrin substituted HBC 8 has a broader
(FWHM 30.7 nm) and more split (12 nm) B-band absorp-
tion as the isomer 7. This is because two of the porphyrins
in 8 are arranged in a para geometry, allowing the best in-
Figure 5. UV/Vis absorption spectra[63] of molecules 3, 6, 7, 8, and 11 in THF. Inserts show magnifications of the b- (left side) and Q-band (right side) absorp-
tions.
Table 2. Spectroscopic data for porphyrin-HPB/HBC conjugates.
Molecules
A= tert-
butyl
B=porph.
Soret band
l [nm]
(e
[105 mˇ1cmˇ1])
eSoret/
n(porph.)
[105 mˇ1cmˇ1]
FWHM
Soret
[nm]
Fluorescence
lexc. : b-band
lemi. [nm ]
(rel. int.)
Fluorescence
lexc. : Soretmax
lemi. [nm]
(rel. int.)
A5B 419 (5.03) 5.03 11.6 / 653 (1.00)
HPB 3 719 (0.21)
A5B 423 (3.64) 3.64 20.7 653 (0.43) 652 (1.00)
HBC 6 718 (0.11) 717 (0.23)
(AB)3 422 (7.84) 2.61 28.0 653 (0.22) 652 (1.00)
HBC 7 432 (8.08) 2.69 714 (0.05) 718 (0.23)
A2B2AB 420 (7.22) 2.41 30.7 652 (0.19) 652 (1.00)
HBC 8 432 (7.11) 2.37 717 (0.05) 717 (0.23)
B6 416 (10.4) 1.73 37.4 650 (0.23) 650 (1.00)
HBC 11 432 (12.2) 2.03 716 (0.05) 716 (0.23)
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teraction,[40] whereas in 7 all of the porphyrins are aligned in a
meta fashion. The number of porphyrins per HBC has also a
significant influence on photophysical properties. A compari-
son between porphyrin-HBCs 6, 7, 8, 11 as well as bis-porphy-
rin-HBCs[40] (Figure 5, Figure S11, Supporting Information),
shows that an increasing number of porphyrins per HBC leads
to a higher degree of B-band distortion, hence enhanced com-
munication between the porphyrins. Thus, the strongest elec-
tronic interaction was found for hexa-porphyrin-HBC 11 with a
split in the Soret-band of 16 nm and a FWHM value of
37.4 nm. Steady-state fluorescence spectra were measured
(Figure S12, Supporting Information) and showed upon excita-
tion of the HBCs’ b-band an efficient energy transfer to the
porphyrins yielding only their fluorescence at 653 and
718 nm.[33–35,38] Generally, the influence of substitution pattern
and number of porphyrins on the steady-state fluorescence
characteristics were less pronounced compared with the
changes of the UV/Vis absorption properties. All spectroscopic
data are summarized in Table 2.
Conclusions
Porphyrin-HBC conjugates bearing one and three porphyrins
per HBC were prepared through Scholl oxidation reactions of
the respective HPB precursors. With respect to previously re-
ported bis-porphyrin-HBCs, we come to the conclusion that
Scholl transformations are an excellent, high yielding choice
for the preparation of porphyrin-HBCs with up to three por-
phyrins per molecule. Clearly, effects that might hinder Scholl
reactions, such as steric shielding or electrostatic repulsion, are
less pronounced and therefore do not influence the reaction
outcome if not more than three porphyrins are attached to a
central HPB core. However, the synthesis of higher substituted
porphyrin-HBCs through this synthetic route is not advisable,
because the reactivity of the respective precursors under typi-
cal Scholl reaction conditions is hampered. The lack of reactivi-
ty was clearly demonstrated by the attempts to transform
hexa-porphyrin-HPB 10 into the HBC compound 11. Several re-
action conditions, as well as different metalation states of the
porphyrins, were tested and all of them failed to form the HBC
core of 11. Preliminary results further suggest, that already
tetra-porphyrin substituted HPBs have a decreased reactivity,
making the transformation to the respective HBC derivatives
inefficient.[64] Given that hexa-porphyrin-HBC 11 could not be
obtained through a Scholl reaction-based route, the synthetic
strategy was changed to the preparation of the HBC core prior
to the porphyrins’ introduction. The spectroscopic data of por-
phyrin-HBCs within this project further complements the series
of multiple-porphyrin-substituted HBCs.[40] UV/Vis absorption
spectra showed that an increased number of porphyrins per
HBC leads to a higher degree of the B-bands’ distortion, which
was attributed to an enhanced electronic communication be-
tween the porphyrins. With respect to the design and the char-
acteristics of light-harvesting arrays, we conclude that unlike in
nonconjugated HPB architectures, the electronic communica-
tion across a large p-system (HBC) significantly changes with
the substitution pattern and the number of chromophores,
which is reflected in the FWHM values of the Soret band of the
porphyrins. Although the broadened and split B-band of multi-
ple-porphyrin-HBCs can be ascribed to intramolecular electron-
ic interactions, detailed understanding of the photophysical
properties is still lacking and therefore a topic of current inves-
tigations. Additionally, compounds like hexa-porphyrin-HBC 11
are tested for the buildup of self-assembled supramolecular ar-
chitectures with guest molecules such as C60-fullerene.
Experimental Section
Experimental procedures, characterization data, X-ray crystallo-
graphic data and copies of HRMS and NMR spectra can be found
in the Supporting Information.
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INTRODUCTION
Porphyrins are, due to their light harvesting properties, 
widely used as organic building blocks and investigated 
intensively. Since the first synthesis of meso substituted 
porphyrins by Rothemund in 1935 [1–4], improved 
synthetic protocols by Adler, Longo and co-workers [5, 
6] as well as by Lindsey et al. [7, 8] were developed, 
which allow the production of porphyrins under mild 
conditions in high yields. Complex multi–porphyrin 
architectures have been synthesized such as linear meso-
connected porphyrin strings with up to 24 units [9–14] 
as well as cyclic porphyrin arrangements [15–21]. 
Furthermore, porphyrins have also been combined with 
other chromo phores, either indirectly or directly. For 
example, hexaarylbenzenes (HABs) have been used as 
an indirect linker between porphyrin and coumarin units 
[22]. Previously, we have worked with similar systems, in 
which porphyrins were connected to HABs [23–25], but 
in a final reaction they were transformed to the respective 
hexabenzocoronenes (HBCs), therefore forming a 
chromophore. The reaction towards porphyrin-HBCs has 
a significant impact on the properties of the porphyrins. 
Due to the large pi–system of the HBC, strong electronic 
communication with the porphyrin as well as strong 
intermolecular interactions in the solid state and gas phase 
were observed [23–25]. So far, porphyrins attached either 
to HABs or to HBCs separately are known. However, a 
combination of porphyrin, HAB and HBC within one 
molecule has not been reported yet and therefore, we 
decided to synthesize a porphyrin-HAB-HBC triad, in 
which the HAB serves as a bridge between the porphyrin 
and HBC. 
RESULTS AND DISCUSSION
For the synthesis of a porphyrin-HAB-HBC triad 10, 
the two building blocks 4 and 8 were needed. Porphyrin 
4 was prepared by a known statistical porphyrin synthesis 
but using microwave radiation as a heating source 
(Scheme 1) [26, 27]. The AB3 TMS-ethynylporphyrin 
was obtained in 10% yield and subsequently metallated 
by stirring the free-base porphyrin with an excess of 
Zn(OAc)2 in a CH2Cl2/MeOH solution in quantitative 
yield. Finally, the TMS protection group was removed 
by using TBAF as a fluorine source which yielded the 
ethynylporphyrin 4 in 90% yield. 
The second building block, HBC 8, was synthesized 
according to modified literature procedures (Scheme 2) 
[28]. Iodotolan 5 [28] and tert-butyl substituted tetra-
cyclone 6 [24] were reacted in a Diels–Alder reaction at 
260 °C in the microwave reactor. Iodo-HPB 7 was obtained 
in 78% yield and converted to the corresponding HBC 8 
under oxidative Scholl conditions in 98% yield.
Both building blocks 4 and 8 were reacted in 
a Sonogashira coupling reaction in which the 
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 SYNTHESIS OF A PORPHYRIN-HEXAARYLBENZENE-HEXABENZO CORONENE TRIAD 455
acetylene-bridged porphyrin-HBC system 9 was formed 
in 32% yield (Scheme 3). In addition to the desired 
product, a homocoupling product between two porphyrins 
was obtained, which explains the relatively low yield of 
9. Nevertheless, 9 and 6 were successfully reacted in a 
final Diels–Alder reaction in the microwave reactor and 
the porphyrin-HAB-HBC triad 10 was obtained in 50% 
yield.
Zn
NN
N N
t-Bu t-Bu
t-Bu
t-Bu
t-But-Bu
H
N
t-But-Bu
Si
OO
+ +
1) I2, CH2Cl2, 40 °C, µW
2) p-Chloranil
3) Zn(OAc)2 in CH2Cl2/MeOH
4)TBAF in THF
1
2
3
4
Scheme 1. Synthesis of zinc-ethynylporphyrin 4
I
I
78 % 98 %
+ Ph2O
260 °C
µW
FeCl3
CH3NO2
CH2Cl2O
t-Bu t-Bu
t-But-Bu
I
t-But-Bu
t-Bu
t-Bu t-Bu
t-Bu
t-Bu t-Bu
t-Bu
t-Bu t-Bu
5
6 7
8
Scheme 2. Synthesis of iodo-HBC 8
Zn
t-Bu
t-Bu t-Bu
t-Bu
t-Bu
Ar
Ar
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N
N
N
N
Ar = 3,5-di-tert-butylphenyl
50 %
t-Bu
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Ph2O
260 °C
µW
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N
N N
N
Ar Ar
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32 %
Pd(PPh3)2Cl2
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+
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84
9
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+ 6
Scheme 3. Synthesis of porphyrin-HAB-HBC triad 10
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The 1H NMR (Fig. 1) shows the successful formation 
of the product. The most downfield shifted signals from 
9.34–8.95 ppm originate from the protons attached to 
the HBC and appear as six separate singlets. Further 
upfield, the resonances of the  β-pyrrolic protons generate 
six doublets (3J = 4.7 Hz) found at 8.89–8.51 ppm with 
only two of them overlapping. Due to the low symmetry 
of the porphyrin, eight signals for the  β-pyrrolic protons 
were expected, and the remaining two protons come to 
resonance at 7.98 ppm and 7.74 ppm. This is a significant 
upfield shift compared to normal β-pyrrolic protons, 
which are usually in the range of ~9 ppm [29, 30]. This 
shift is due to the close proximity of the two β-pyrrolic 
protons to the aromatic HBC core (see calculated structure 
in Fig. 2). The protons of the aryl substituents show 
up at 8.01–7.55 ppm as three doublets (4J = 1.7 Hz) 
Fig. 1. 1H NMR Spectrum (400 MHz, CDCl3, rt) and HRMS (APPI-ToF)
Fig. 2. Left: Calculated structure of complete molecule (semi empirical, PM6). Hydrogens are omitted for clarity. Right: DFT 
(B3LYP, 6-31G*) calculated molecular orbitals of a simplified molecular structure. Tert-butyl groups and the central zinc atom were 
omitted for calculation time saving reasons
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and two triplets (4J = 1.7 Hz). The resonances of the 
hydrogen atoms corresponding to the HAB part of 
the molecule are shown from 7.32–6.67 ppm with the 
exception of two signals, which appear more downfield 
shifted at 7.90 ppm and 7.66 ppm as two doublets (3J = 
7.9 Hz). These signals can be ascribed to the four protons 
of the benzene ring which is connected to the porphyrin. 
The aliphatic region shows 10 singlets from which three 
originate from the HBC part of the molecule, four from 
the HAB scaffold and three from the porphyrin’s aryl 
substituents. Furthermore, HRMS (APPI-ToF) confirms 
the presence of the product in which the measured spectrum 
perfectly matches the calculated isotope pattern (Fig. 1).
The relative orientation of the porphyrin and HBC 
towards the central HAB core is shown in Fig. 2. The 
porphyrin is almost in the same plane as the inner HAB 
benzene ring, whereas the HBC is twisted by ~60°. This 
arrangement leads to a close proximity of the porphyrin to 
the HBC plane, especially for the two β-pyrrolic positions 
as well as for the tert-butyl groups of the aryl substituent. 
Frontier molecular orbitals (HOMO, LUMO) as well 
as HOMO-1 and LUMO+1 were calculated using DFT 
and are located exclusively on the porphyrins, whereas 
HOMO-2 and HOMO-3 are found on the HBC unit.
The UV-vis absorption spectrum (Fig. 3) shows strong 
absorption features for the HBC at 347, 363 and 394 nm 
as well as for the porphyrin at 423, 549 and 588 nm. 
These absorption features are in the same spectral region 
as reference compounds hexa-tert-butyl-HBC [31] and 
tetra(3,5-di-tert-butylphenyl)zinc-porphyrin [32, 33] but 
the intensity ratio is unambiguously different. Although 
the porphyrin’s Soret band at 423 nm is still the strongest 
absorption (ε = 450 000), the HBC band at 363 nm (ε = 
220 000) reaches almost 50% of the porphyrin’s Soret-
band absorption. The molar absorption coefficient of 
10 at 363 nm is significantly higher compared to the 
reference hexa-tert-butyl-HBC (ε = 150 000) [31]. Addi-
tionally, a broad absorption band from ~630–850 nm 
is shown, which is not present in the spectra of the 
reference compounds.
CONCLUSION
We have shown the successful synthesis of a 
porphyrin-HAB-HBC triad. Due to the ortho substitution 
at the central HAB core, both chromophores are in close 
proximity to each other and therefore strongly interact 
with each other. Although UV-vis absorption spectra 
were recorded, further investigations of the photophysical 
characteristics are needed in order to understand the 
optoelectronic properties in more detail.
EXPERIMENTAL
Zinc-TMS-ethynyl-porphyrin 11. Four micro wave 
vials were prepared: each vial was charged with a 
magnetic stir bar, CH2Cl2 (20 mL), 3,5-di-tert-butylbenz-
aldehyde (327 mg, 1.50 mmol), 4-(trimethylsilyl-ethynyl)
benzaldehyde (101 mg, 0.50 mmol) and pyrrole (140 µl, 
2.00 mmol). Just before the reaction started, I2 (50 mg, 
0.20 mmol) was added to the particular vial and it was 
sealed with a septum. The mixture was heated in the 
microwave (20 s pre-stirring, 5 min at 40 °C, max, power 
100 W, cooling off — for exact conditions, see supporting 
information). A flask charged with para-chloranil (1.47 g, 
6.00 mmol) in 30 mL CH2Cl2 was prepared and heated to 
reflux. After each reaction the septum was removed and the 
reaction mixture poured into the para-chloranil solution 
flask. After the content of the last vial was added to the 
Fig. 3. UV-vis absorption spectrum of 10 in CH2Cl2.
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flask, the reaction mixture was stirred for 30 min at 40 °C. 
The solvent was removed; the residue pre-purified by silica 
plug filtration (CH2Cl2) and the red porphyrin fraction 
was collected. The solvent was removed, 3–4 drops of 
NEt3 were added and the crude product was purified by 
column chromatography (SiO2, hexanes/CH2Cl2, 3:1). The 
second fraction was identified as the product. The pro-
duct was obtained as a red solid in 10.1% yield (212 mg, 
0.202 mmol). Free-base porphyrin (212 mg, 0.202 mmol) 
was dissolved in 50 mL CHCl3, a saturated solution of 
Zn(OAc)2 . 2 H2O in MeOH (15 mL) was added and the 
mixture was stirred under light exclusion for 18 h at rt. 
The solvent was removed under reduced pressure and the 
residue purified by silica plug filtration (hexanes/CH2Cl2, 
1:1). The pure product was obtained in 99% yield (222 mg, 
0.200 mmol). 1H NMR (500 MHz, CDCl3, rt): δ [ppm] = 
9.01–8.99 (m, 6H), 8.91 (d, J = 5.0 Hz, 2H), 818 (d, J = 
6.5 Hz, 2H), 8.08–8.07 (m, 6H), 7.86 (d, J = 6.5 Hz, 2H), 
7.79–7.77 (m, 3H), 1.50 (s, 36H), 1.50 (s, 18H), 0.39 (s, 
9H). 13C NMR (126 MHz, CDCl3, rt): δ [ppm] = 150.54, 
150.52, 150.50, 150.45, 150.43, 150.40, 150.37, 149.75, 
149.73, 149.70, 148.55, 143.43, 141.78, 141.75, 134.37, 
134.03, 132.66, 132.52, 132.42, 132.20, 132.06, 131.96, 
131.59, 131.14, 130.34, 130.02, 129.77, 129.43, 122.75, 
122.55, 122.22, 122.20, 120.98, 120.68, 119.69, 105.25, 
95.20, 35.05, 32.20, 31.91, 31.62, 31.33, 0.28, -0.07. 
UV-vis (THF): λ [nm] (ε [M-1cm-1]) = 405 (46800), 426 
(561000), 557 (23100), 597 (11600). MS (LDI) m/z (rel. 
int.) = 1110 (M+, 100%). HRMS (APPI, toluene) for 
C73H84N4SiZn (M+) calc.: 1110.5726, found: 1110.5757. 
mp > 350 °C (decomp.).
Zinc-ethynyl-porphyrin 4. Zinc-porphyrin 11 (378 mg, 
0.34 mmol) was dissolved in 50 mL THF and a 1 M 
TBAF solution in THF (1 mL, 1.00 mmol) was added. The 
mixture was stirred for 90 min under light exclusion at rt, 
the solvent was removed and the residue was purified by 
silica plug filtration (hexanes/CH2Cl2, 2:1). The product 
was obtained as a red solid in 89.7% yield (317 mg, 
0.305 mmol). 1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 
9.00–8.99 (m, 6H), 8.91 (d, J = 4.7 Hz, 2H), 8.20 (d, J = 
8.3 Hz, 2H), 8.08–8.06 (m, 6H), 7.88 (d, J = 8.1 Hz, 2H), 
7.79–7.76 (m, 3H), 3.29 (s, 1H), 1.51 (s, 36H), 1.51 (s, 18H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 150.61, 150.51, 
150.48, 149.76, 148.65, 148.62, 143.84, 141.80, 134.32, 
132.53, 132.40, 132.28, 131.43, 131.29, 131.09, 130.41, 
130.23, 129.72, 129.64, 127.25, 122.85, 122.63, 121.27, 
120.87, 119.57, 83.85, 77.99, 34.98, 31.69. UV-vis (THF): 
λ [nm] (ε [M-1cm-1]) = 405 (39900), 425 (512000), 557 
(18400), 597 (8000). MS (LDI): m/z (rel. int.) = 1037 (M+, 
100%). HRMS (APPI, toluene) for C70H76N4Zn (M+) calc.: 
1036.5356, found: 1036.5342. mp > 350 °C (decomp.).
Iodo-HPB 7. Iodo tolan 5 [28] (296 mg, 0.82 mmol, 
1 eq) and tert-butyl substituted tetracyclone 6 [24] 
(500 mg, 0.82 mmol, 1 eq) were dissolved in Ph2O 
(2.0 mL), purged with argon and heated to 260 °C in the 
microwave reactor for 12 h. The reaction mixture was 
diluted with a small amount of CH2Cl2 and the product 
was precipitated via the addition of MeOH. The product 
was filtered off and recrystallized from CH2Cl2/MeOH. 
After drying in vacuo, the product was obtained as a 
white solid in 78.4% yield (606 mg, 0.644 mmol).1H 
NMR (400 MHz, CDCl3, rt): δ [ppm] 7.14 (d, J = 8.4 Hz, 
2H), 6.83 (d, J = 8.4 Hz, 4H), 6.81–6.75 (m, 6H), 6.69–
6.60 (m, 10H), 6.57 (d, J = 8.4 Hz, 2H), 1.11 (s, 18H), 
1.07 (s, 27H). 13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 
147.92, 147.57, 147.53, 140.91, 140.86, 140.78, 140.08, 
138.62, 137.80, 137.76, 137.57, 135.54, 133.65, 131.09, 
131.03, 129.10, 128.28, 123.42, 123.09, 90.63, 34.06, 
33.97, 31.14, 31.11. HRMS (MALDI) for C62H69I (M+) 
calc.: 940.4444, found: 940.4439. mp > 350 °C.
Iodo-HBC 8. Iodo-HPB 7 (200 mg, 0.213 mmol, 
1 eq) was dissolved in CH2Cl2 (200 mL) and degassed 
via bubbling N2 through the solution for 15 min. 
A solution of dry FeCl3 (1.03 g, 6.38 mmol, 30 eq) 
in CH3NO2 (6.0 mL) was added via syringe and 
the reaction was stirred for further 2 h at rt under 
slight bubbling of N2. The reaction was quenched 
via the addition of MeOH (50 mL). The solvent was 
removed under reduced pressure and the product was 
purified by a silica plug filtration (CH2Cl2, ∅3.5 cm . 
9 cm). Final purification was achieved by recrystallization 
from CHCl3/MeOH. The product was obtained as a 
yellow solid in 98.5% yield (195 mg, 0.210 mmol). 1H 
NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.13 (s, 2H), 9.06 
(s, 2H), 8.97 (s, 2H), 8.83 (s, 2H), 8.67 (s, 2H), 8.53 (s, 
2H), 1.94 (s, 9H), 1.89 (s, 18H), 1.78 (s, 18H). 13C NMR 
(101 MHz, CDCl3, rt): δ [ppm] = 148.36, 148.17, 148.04, 
131.70, 130.18, 129.83, 129.48, 129.38, 128.16, 123.73, 
123.18, 123.10, 122.87, 119.99, 119.61, 119.51, 118.96, 
118.61, 118.54, 118.36, 93.62, 35.77, 35.66, 35.53, 
32.20, 32.14, 32.05. HRMS (APPI, toluene) for C62H57I 
(M+) calc.: 928.3500, found: 928.3512. mp > 350 °C.
Acetylene bridged porphyrin-HBC dimer 9. Iodo-
HBC 8 (20.0 mg, 21.5 µmol, 1 eq), zinc-ethynyl-
porphyrin 4 (24.6 mg, 23.7 µmol, 1.1 eq), Pd(PPh3)2Cl2 
(0.8 mg, 1.1 µmol, 0.05 eq) and CuI (0.4 mg, 2.2 µmol, 
0.1 eq) were dissolved in 2 mL THF and 1 mL NEt3 
and degassed immediately (three times: sonication 
for 1 min under vacuum, followed by a purge with N2 
gas). The reaction was heated to 50 °C in an oil bath for 
22 h. The reaction mixture was separated by column 
chromatography (SiO2, hexanes/CH2Cl2, 2:1, ∅2.5 
cm . 40 cm). The desired product was obtained in 32.4% 
yield (12.8 mg, 6.96 µmol). As a byproduct, significant 
amounts of homocoupling product of two porphyrins 
were obtained (13.7 mg, 6.60 µmol). 1H NMR (300 MHz, 
CDCl3, rt): δ [ppm] = 9.24 (s, 2H), 9.20–9.12 (m, 6H), 
9.10 (bs, 2H), 9.06 (s, 4H), 8.98 (bs, 2H), 8.90 (bs, 4H), 
8.48 (d, J = 8.2 Hz, 2H), 8.34 (d, J = 8.1 Hz, 2H), 8.16 (d, 
J = 1.8 Hz, 4H), 8.12 (d, J = 1.8 Hz, 2H), 7.83 (t, J = 1.9 
Hz, 2H), 7.81 (t, J = 1.8 Hz, 1H), 2.01 (s, 9H), 1.96 (s, 
18H), 1.89 (s, 18H), 1.56 (s, 36H), 1.55 (s, 18H). HRMS 
(MALDI, dctb) for C132H132N4Zn (M+) calc.: 1838.9811, 
found: 1838.9748. mp > 350 °C (decomp.).
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Porphyrin-HPB-HBC triad 10. Porphyrin-HBC dimer 
9 (12.8 mg, 6.96 µmol, 1 eq) and tert-butyl substituted 
tetra cyclone 6 [24] (8.5 mg, 13.9 µmol, 2 eq) were 
dissolved in Ph2O (0.25 mL) and heated to 260 °C in the 
microwave reactor for 12 h. The reaction mixture was 
diluted with little CH2Cl2 and the product precipitated via 
the addition of MeOH. The product was filtered off, dried 
and obtained in 50% yield (8.5 mg, 3.5 µmol). 1H NMR 
(400 MHz, CDCl3, rt): δ [ppm] = 9.34 (s, 2H), 9.32 (s, 
2H), 9.22 (s, 2H), 9.15 (s, 2H), 9.08 (s, 2H), 8.95 (s, 2H), 
8.93 (d, J = 4.6 Hz, 1H), 8.89 (d, J = 4.7 Hz, 1H), 8.81 
(t, J = 5.4 Hz, 2H), 8.75 (d, J = 4.7 Hz, 1H), 8.51 (d, J = 
4.7 Hz, 1H), 8.01 (d, J = 1.7 Hz, 2H), 7.98 (d, J = 4.7 Hz, 
1H), 7.96 (d, J = 1.9 Hz, 2H), 7.80 (d, J = 7.9 Hz, 2H), 
7.77 (t, J = 2.0 Hz, 1H), 7.74 (d, J = 4.7 Hz, 1H), 7.69 
(t, J = 1.7 Hz, 1H), 7.66 (d, J = 7.9 Hz, 2H), 7.55 (d, J = 
1.7 Hz, 2H), 7.35–7.25 (m, 2H), 7.18 (d, J = 8.4 Hz, 2H), 
7.06–6.87 (m, 10H), 6.67 (d, J = 7.9 Hz, 2H), 1.87 (s, 9H), 
1.83 (s, 18H), 1.57 (s, 18H), 1.51 (s, 18H), 1.44 (s, 18H), 
1.32 (s, 9H), 1.20 (s, 9H), 1.15 (s, 9H), 1.00 (s, 18H), 
0.55 (s, 9H). UV-vis (CH2Cl2): λ [nm] (ε [M-1cm-1]) = 
347 (107 000), 363 (221 000), 394 (95 400), 423 
(454 000), 549 (18 700), 588 (5870). MS (MALDI): m/z 
(rel. int.) = 2419.57 (M+, 100%). HRMS (APPI, toluene/
CH2Cl2) for C176H184N4Zn (M+) calc.: 2419.3851, found: 
2419.3907. mp > 350 °C (decomp.).
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INTRODUCTION
Nanographenes, which represent substructures of the 
hexagonal graphene lattice, have received considerable 
attention in recent years [1–4]. Due to their resemblance 
to graphene [5–7] but also due to their unique electronic, 
thermal and mechanical properties, strategies for the 
bottom up synthesis of such nanoscaled fragments 
of graphene were intensively investigated [1–4]. The 
bottom-up, stepwise organic synthesis of graphene model 
systems allows precise control over their shape, size and 
electronic properties. As graphene-based electronics 
become smaller and more efficient, atomistic control over 
nanographene architectures is essential [8]. Thus, we 
have selected hexa-peri-hexabenzocoronene (HBC) as a 
nanographene model to further investigate and develop 
synthesis and functionalization possibilities. Recently, 
we prepared a series of bis-porphyrin-functionalized 
HBCs with an ortho-, meta- and para-substitution 
pattern (Fig. 1) [9]. Precise control over the substitution 
geometry generated new insight into the electronic 
properties — structure relationship of functionalized 
pi-systems. As a next step, we target the expansion of 
the chromophore substituted HBC concept [9–16] by 
the attachment of two different dye molecules. This 
allows for in-depth photophysical investigations. For 
the fabrication of nanographene centered architectures, 
we therefore focused on porphyrin and rylene-diimide 
dyes as functional groups (Fig. 1). Due to their stability 
and solubility-providing features, as well as their light-
absorption characteristics, which do not interfere with 
the central HBC unit, porphyrins have already proven 
to be a suitable chromophore for photophysical studies 
with HBCs [9, 12–14, 16]. As the second chromophore, 
rylene-diimide dyes providing excellent chemical, 
thermal, photochemical, and photophysical stability in 
combination with high extinction coefficients and high 
fluorescence quantum yields [17–22] are promising 
candidates with a suitable absorption range different 
to the one of the porphyrin. In particular, naphthalene-
diimides (NDIs) as well as their larger analogues, 
perylene-diimides (PDIs) were chosen and attached 
to the HBC core in an ortho substitution pattern. In 
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this contribution, the synthesis and characterization of 
porphyrin-NDI as well as porphyrin-PDI substituted 
HBC conjugates is presented.
RESULTS AND DISCUSSION
For the preparation of porphyrin-rylene-diimide-HBC 
triads, we investigated the compatibility of stan dard 
Diels-Alder and Scholl-type chemistry with porphyrin-
rylene-diimide substituted systems. Therefore, as the 
first building block, naphthalene- and perylene-diimide 
based alkynes were synthe sized. Naphthalene-monoimide 
3 was prepared in a one-step imidization reaction of 
1-pentylhexylamine 1 with naphthalene-dianhydrid 2 
(Scheme 1) in yields of 12%. Although the product was 
formed in low yields, one-step imidization reactions 
are suitable when quick preparation of small quantities 
(100 mg scale) of naphthalene-monoimide is required. In 
general, synthetic protocols, developed for the synthesis 
of various naphthalene-monoimides, lead to higher 
product yields and are more applicable to larger scales 
(gram amounts) [23–27]. Though, synthetic effort is 
usually enhanced. Perylene-monoimide 5 was synthesized 
according to a two-step procedure following literature 
conditions [28], which generated product 5 in an overall 
Fig. 1. Concept of our previous study (left) and of the current 
project (right)
Scheme 1. Synthesis of rylene-diimide-alkynes 7, 8 and nickel-iodo-porphyrin 12. (a) DMF, 140 °C (2 h), rt (o.n.); 
(b) 1-pentylhexylamine 1, imidazole, 160 °C, 1.5 h; (c) KOH, t-BuOH, 85 °C, 1 h; (d) imidazole, 120 °C, 2 h (n = 1), 6 h (n = 2); 
(e) I2, CH2Cl2, 40 °C, µW, p-chloranil; (f) Ni(acac)2, toluene, 110 °C
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yield of 55%. Both rylene-monoimides 3, 5 were reacted 
in an imidization reaction with 4-ethinylaniline 6 to the 
NDI-alkyne 7 as well as the PDI-alkyne 8 in 38% and 
36% yield, respectively [29]. The second building block, 
iodo-porphyrin 12, was prepared in a statistical porphyrin 
synthesis followed by metalation with Ni(acac)2 [30].
Palladium-catalyzed Sonogashira cross-coupling 
reac tions between nickel-iodo-porphyrin 12 and 
the respective rylene-diimide-alkynes 7, 8 afforded 
porphyrin-rylene-diimide-tolans 13 and 14 in 76% and 
70% yield, respectively. Tolans 13, 14 were reacted in 
a Diels-Alder reaction with tetracyclone 19 [9, 31] at 
260 °C using microwave radiation as the heating source 
to generate the hexaphenylbenzene (HPB) precursors. 
Nickel-porphyrin-rylene-diimide-HPBs were subseque-
ntly demetalated with concentrated sulfuric acid 
yielding the free-base derivatives 15 and 16 in 42% and 
83% yield, respectively. The demetalation of nickel-
porphyrins is necessary in order to avoid undesired 
side reactions between the meso-aryl substituents and 
the porphyrin core in the following oxidation step 
[32–34]. Finally, Scholl oxidation transforms the HPBs 
15 and 16 to the corresponding HBC derivatives 17 and 
18. Porphyrin-NDI-HBC 17 was obtained in excellent 
yields of 93%, while porphyrin-PDI-HBC 18 could only 
be isolated in 14% yield. The Scholl transformation 
to the perylene-diimide based HBC proceeded less 
efficiently as noticeable amounts of side-products 
were detected by TLC. Furthermore, purification was 
much more tedious and separation using silica column 
chromatography was not very efficient. Due to the larger 
pi-system of the PDI, compared to the NDI-derivative, 
pi–pi stacking between the molecules is enhanced, which 
leads to difficulties during work up. Thus, a combination 
of chromatographic and crystallization techniques was 
applied, which yielded only small amounts of the pure 
product.
The 1H NMR spectra of the NDI-derivatives (Fig. 2, 
left) confirm the successful transformation of HPB 15 
to the HBC product 17. The resonances of the HPB-
moiety between 7.34–6.81 ppm disappeared completely 
after Scholl oxidation. Simultaneously, new downfield 
shifted signals in the region of 10.16–9.16 ppm emerge 
which can be assigned to the 12 aromatic HBC protons. 
Interestingly, in the case of HPB 15, all eight β-pyrrolic 
protons of the porphyrin appear as separated doublets 
between 9.12–8.39 ppm. Two of them overlap with the 
broad signal of the four naphthalene H-atoms. Upon 
planarization to the HBC, most of the β-pyrrolic proton 
signals collapse and only one doublet at 8.99 ppm and a 
multiplet at 8.94–8.89 ppm remain. Similar trends were 
observed for the PDI-derivatives 16, 18 (Fig. 2, right). 
However, the 1H NMR spectra of the PDI compounds 
show much broader signals with less resolution 
compared to the ones of NDI 15, 17. This is due to a 
much higher tendency for pi–pi stacking between PDI 
which leads to the broadening of the signals.
Absorption and emission properties were investigated 
for all compounds. The UV-vis absorption spectrum 
of porphyrin-NDI-HPB 15 (Fig. 3) shows the typical 
absorption features for NDIs at 361 and 380 nm as well 
Scheme 2. Synthesis of porphyrin-rylene-diimide-HBC triads 
17, 18. (a) PdCl2(PPh3)2, CuI, THF, NEt3, 50 °C, o.n.; (b) µW, 
Ph2O, 260 °C, 12 h; (c) H2SO4, CH2Cl2, 0 °C, 1 h; (d) FeCl3, 
CH3NO2, CH2Cl2, 0 °C — rt, 16 h
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as for porphyrins at 421 (B-band), 518, 553, 591 and 
647 nm (Q-bands). Once the system is closed to the HBC 
17, a new strong absorption of the HBC unit appears at 
360 nm. The B-band of the porphyrin gets red-shifted 
to 427 nm accompanied by a lower molar extinction 
coeﬃcient and a significantly broadened absorption band 
compared to the HPB analogue 15 (compare Table 
1). Fluorescence spectra of HPB 15 and HBC 17, 
depicted in Fig. 4, show similar characteristics 
for both compounds. When excited at the Soret-
band, strong emission of the porphyrin between 
620–750 nm is visible. Excitation of the NDI unit 
in 15 results in the same fluorescence signals of 
the porphyrin, although at a much lower intensity, 
suggesting intermolecular interaction between 
the NDI and the porphyrin unit. Since the HBCs’ 
absorption maximum of compound 17 coincide 
with the typical NDI absorption between 360–380 
nm, specific excitation of either the NDI or the 
HBC is not possible. Here simultaneous excitation 
of the HBC and NDI at 360 nm results once again 
in a fluorescence signal of the porphyrin.
The PDI derivatives, absorbing in a range 
different from porphyrin as well as HBC, are more 
suitable compounds to get more insight into the electronic 
properties — structure relations. The UV-vis absorption 
spectra of the porphyrin-PDI-HPB 16 and HBC 18 
are shown in Fig. 5 and the data are listed in Table 2. 
Fig. 2. 1H NMR spectra of NDI 15, 17 (left) and PDI 16, 18 (right) derivatives
Fig. 3. UV-vis spectra of NDI-HPB 15 and NDI-HBC 17 in CH2Cl2
Fig. 4. Fluorescence spectra of NDI-HPB 15 (left) and NDI-HBC 17 (right) in CH2Cl2
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HPB compound 16 shows the characteristic peaks of 
the porphyrin at 421, 552, 592, 647 nm as well as the 
PDI absorption bands at 458, 489, 525 nm, respectively. 
Porphyrin-PDI-HBC 18 exhibits strong absorption in the 
range of 330–650 nm, covering a wide range of the visible 
region with a new maximum at 359 nm corresponding to 
the HBC moiety. The B-band of the porphyrin decreases in 
intensity and experiences a red shift to 427 nm (∆ = 6 nm) 
while the PDI absorption at 492 nm and 527 nm shows a less 
pronounced bathochromic shift (∆ = 2–3 nm). Investigations 
of the electronic interaction between the porphyrin and 
the PDI by emission spectroscopy are depicted in Fig. 6. 
The fluorescence spectra of porphyrin-PDI-HPB 16 upon 
excitation of the B-band shows fluorescence signals only 
of the porphyrins’ Q-bands at 653 and 718 nm. When 
excited at a wavelength of 489 and 525 nm (PDI) however, 
16 exhibited a strong emission of the PDI between 
500–600 nm as well as emission of the porphyrin between 
630–750 nm. This indicates an energy transfer from the PDI 
to the porphyrin. The emission intensity of the porphyrin is 
even increased compared to the emission profile exciting 
exclusively the porphyrin unit. Excitation of the HBCs’ band 
at 359 nm and of the Soret-band at 427 nm of Porphyrin-
PDI-HBC 18 results in fluorescence signals of the porphyrin 
at around 650 and 715 nm. Strong emission of the PDI 
between 500–600 nm only gets visible upon excitation of 
the PDI unit with additional fluorescence of the porphyrin, 
though at a much lower intensity. 
CONCLUSION
The successful synthesis of porphyrin-NDI and 
porphyrin-PDI based HBCs via Scholl oxidations of the 
respective HPB precursors is presented. As the presence 
of NDI and PDI moieties does not interfere with Scholl 
conditions, this study paves the way for the preparation 
of novel rylene-diimide-HBC compounds. Photophysical 
investigations using UV-vis absorption and fluorescence 
emission spectroscopy of porphyrin-NDI/PDI compounds 
showed energy transfer processes between the three 
chromophores. Especially in the case of porphyrin-PDI-
HPB a strong energy transfer from the PDI to the porphyrin 
was observed. In order to understand the electronic 
characteristics in more detail, in-depth photophysical 
investigations, including time-resolved experiments, are 
currently performed. Furthermore, improved synthetic 
protocols for porphyrin-PDI-HBCs are currently studied, 
e.g. by the introduction of bulky substituents at the perylene 
bay-position, which would hinder pi–pi interactions 
between PDIs, hence facilitating purification.
EXPERIMENTAL
General information
All chemicals were purchased from Sigma-Aldrich 
and used without any further purification. Solvents 
were distilled prior to usage. Dichloro methane was 
neutralized with K2CO3 before distillation. Thin layer 
chromatography (TLC) was performed on Merck silica 
gel 60 F524, detected by UV-light (254 nm, 366 nm). 
Column chromatography and flash column chromato-
graphy were performed on Macherey-Nagel silica gel 
60 M (deactivated, 230–400 mesh, 0.04–0.063 mm). 
NMR spectroscopy was perfor med on a Bruker Avance 
400 (1H: 400 MHz, 13C: 101 MHz) or Bruker Avance 
Neo Cryo-Probe DCH (1H: 600 MHz, 13C: 150 MHz). 
Deuterated solvents were purchased from Sigma Aldrich 
and used as received. Chemical shifts are referenced to 
residual protic impurities in the solvents (1H: CHCl3: 
7.24 ppm) or the deuterated solvent itself (13C: CDCl3: 
77.0 ppm). The resonance multiplicities are indicated as 
“s” (singlet), “d” (doublet), “t” (triplet), “q” (quartet) and 
“m” (multiplet). Signals referred to as “bs” (broad singlet) 
are not clearly resolved or significantly broadened. High 
resolution mass spectrometry was performed either on a 
LDI/MALDI-ToF Bruker Ultraflex Extreme machine or 
on a APPI-ToF mass spectrometer Bruker maXis 4G UHR 
MS/MS spectrometer. In case of MALDI, the following 
Table 1. Photophysical data of NDI compounds 15, 17
Porphyrin-NDI-HPB Porphyrin-NDI-HBC
Abs: λ/nm 
(ε/104M-1cm-1)
380 (3.7) 421 (36.8) 360 (13.9), 383 (8.7) 427 (29.2)
FWHMSoret/nm 11.8 20.2
Fluo: λexc.: Soret
λemi./nm (rel. int.)
652 (100) 717 (21.2) 654 (100) 717 (20.4)
Fluo: λexc.: HBC 
λemi./nm (rel. int.)
— 652 (11.2) 721 (8.8)
Fluo: λexc.: Naphthalene
λemi./nm (rel. int.)
653 (9.8) 718 (2.7) —
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matrix were used: 2,5-dihydroxybenzoic acid (DHB), 
sinapic acid (SIN) or trans-2-[3-(4-tert-butylphenyl)-2-
methyl-2-propenylidene]malononitrile (DCTB). Micro - 
wave reactions were carried out in a mono-mode micro-
wave reactor Biotage Initiator+. The microwave assisted 
reactions were carried out exclusively in the fixed hold 
time mode using an external IR temperature sensor. 
UV/vis spectroscopy was carried out on a Varian Cary 
5000 UV-vis-NIR spectrometer. 
Synthesis
The syntheses of 1-pentylhexylamine 1 [35], perylene-
monoimide 5 [28], nickel-iodo-porphyrin 12 [30] and 
tert-butyl substituted tetracyclone 19 [9, 31] were 
performed according to literature procedures. 
Naphthalene-monoimide 3. For the syn-
thesis of naphthalene-monoimide 3 a modified 
literature proce dure was used [26]. Naphthalene-
t etracarboxylic dian hydride (1.00 g, 3.72 mmol, 
1 equiv.), dissolved in DMF (20 mL) under 
nitrogen atmosphere, was heated to 140 °C. 
1-Pentylhexylamine [35] (500 mg, 2.92 mmol, 
0.8 equiv.) in DMF (5 mL) was added dropwise to 
the reaction over a period of 30 min. The reaction 
mixture was heated to 140 °C for 2 h, cooled to 
rt and stirred overnight. The mixture was poured 
onto 1M HCl (100 mL). The precipitate was 
filtered off and redissolved in CH2Cl2. After silica 
plug chromatography (CH2Cl2), the product was 
obtained as a beige powder in 12% yield (147 mg, 
0.350 mmol). 1H NMR (CDCl3, 400 MHz, 
25 °C): δ, ppm = 8.78 (s, 4H), 5.19–5.07 (m, 1H), 
2.25–2.10 (m, 2H), 1.90–1.75 (m, 2H), 1.37–1.11 
(m, 12H), 0.89–0.76 (m, 6H). 13C NMR (CDCl3, 
101 MHz, 25 °C): δ, ppm = 158.41, 132.64, 
131.17, 128.36, 127.54, 126.53, 122.13, 55.08, 
31.67, 31.13, 26.04, 21.99, 13.47. MS (MALDI, 
dctb): m/z = 422.2912 (100%, [M + H]+). HRMS: 
(APPI, CH2Cl2): calculated for C25H28NO5 
([M + H]+) m/z = 422.1962, found m/z = 422.1960. 
UV/vis (CH2Cl2): λ, nm (ε, M-1 . cm-1) = 338 
(12400), 355 (18700), 374 (21000).
NDI-alkyne 7. For the synthesis of 7 a modified 
literature procedure was used [29]. Naphthalene-
monoimide 3 (150 mg, 356 µmol, 1 equiv.), 
4-ethinylaniline 6 (63.0 mg, 534 µmol, 1.5 equiv.) 
and imidazole (1 g) were stirred under nitrogen 
atmosphere at 120 °C for 2 h. The reaction mixture 
was cooled to rt, dissolved in CH2Cl2 and washed 
with H2O/HCl. The crude product was subjected 
to silica plug chromatography (CH2Cl2/hexanes — 
1:1) to provide the title compound as a beige 
solid in 38% yield (70.0 mg, 135 µmol). 1H NMR 
(CDCl3, 400 MHz, 25 °C): δ, ppm = 8.79–8.71 
(m, 4H), 7.66 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.5 
Hz, 2H), 5.21–5.09 (m, 1H), 3.14 (s, 1H), 2.26–
2.13 (m, 2H), 1.90–1.78 (m, 2H), 1.34–1.17 (m, 
12H), 0.82–0.79 (m, 6H). 13C NMR (CDCl3, 101 MHz, 
25 °C): δ, ppm = 164.12, 163.02, 162.90, 134.99, 133.38, 
131.59, 130.89, 128.80, 127.84, 127.13, 126.42, 123.39, 
82.86, 78.65, 55.46, 32.34, 31.77, 26.69, 22.64, 14.13. 
MS (MALDI, dctb): m/z = 521.25 (100%, [M + H]+). 
HRMS: (MALDI, dctb): calculated for C33H33N2O4 
([M + H]+) m/z = 521.2435, found m/z = 521.2443. UV/
vis (CH2Cl2): λ, nm (ε, M-1.cm-1) = 342 (14300), 360 
(23300), 381 (27400).
Nickel-porphyrin-NDI-tolan 13. A Schlenk tube was 
charged with nickel-iodo-porphyrin 12 [30] (66.0 mg, 
58.2 µmol, 1 equiv.), ethynyl-NDI 7 (35.0 mg, 66.9 µmol, 
1.15 equiv.), THF (5 mL) and NEt3 (2.5 mL). The mixture 
Fig. 5. UV-vis spectra of PDI-HPB 16 and PDI-HBC 18 in CH2Cl2
Fig. 6. Fluorescence spectra PDI-HPB 16 (top) and PDI-HBC 18 (bottom) 
in CH2Cl2
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was degassed by the following technique: The solution 
was sonicated at rt for 1 min under vacuo, followed by 
a purge of N2-gas. This cycle was repeated three times (3 × 1 min). PdCl2(PPh3)2 (2.0 mg, 2.9 µmol, 0.05 equiv.) 
and CuI (1.1 mg, 5.82 µmol, 0.1 equiv.) were added and 
the mixture was degassed once more (2 × 1 min). The 
reaction was heated with an oil bath to 50 °C overnight 
(21 h). The product was purified by silica plug filtration 
(hexanes/CH2Cl2 — 1:1, ∅ 3.5 cm . 10 cm) followed 
by a recrystallization step from CH2Cl2/MeOH. The 
product was obtained as a red solid in 70% yield (62.6 
mg, 41.0 µmol). 1H NMR (CDCl3, 601 MHz, 25 °C): δ, 
ppm = 8.83–8.77 (m, 10H), 8.75 (d, J = 4.9 Hz, 2H), 8.04 
(d, J = 8.1 Hz, 2H), 7.90–7.86 (m, 8H), 7.84 (d, J = 8.3 
Hz, 3H), 7.75–7.68 (m, 3H), 7.37 (d, J = 8.3 Hz, 2H), 
5.24–5.10 (m, 1H), 2.33–2.15 (m, 2H), 1.93–1.81 (m, 
2H), 1.47 (s, 36H), 1.46 (s, 18H), 1.36–1.19 (m, 12H), 
0.83 (t, J = 7.0 Hz, 6H). 13C NMR (CDCl3, 151 MHz 
25 °C): δ, ppm = 162.98, 148.94, 148.91, 142.88, 142.80, 
142.16, 141.59, 139.94, 139.92, 134.42, 133.76, 132.82, 
132.61, 132.43, 132.34, 131.53, 131.45, 130.22, 128.77, 
128.66, 127.01, 126.34, 124.49, 122.33, 121.11, 120.35, 
120.28, 117.59, 90.67, 89.45, 55.34, 34.98, 34.97, 32.22, 
31.66, 26.58, 22.52, 14.00. HRMS: (MALDI, dctb): 
calculated for C101H106N6NiO4 ([M]+) m/z = 1524.7624, 
found m/z = 1524.7599. UV/vis (CH2Cl2): λ, nm (ε, M-1.
cm-1) = 340 (29900), 360 (34000), 382 (43200), 418 
(264000), 529 (20400).
Porphyrin-NDI-HPB 15. A 500 µL vial was charged 
with porphyrin-NDI-tolan 13 (14.2 mg, 9.30 µmol, 
1 equiv.) tetracyclone 19 [9, 31] (8.5 mg, 14.0 µmol, 
1.5 equiv.) and Ph2O (0.4 mL). The reaction was heated 
in the microwave reactor for 12 h to 260 °C. The crude 
was diluted with little CH2Cl2 and precipitated via the 
addition of MeOH. The solid was filtered off and further 
purified by silica plug filtration (hexanes/CH2Cl2 — 
1:1, ∅ 3.5 cm . 10 cm). The nickel porphyrin was 
subsequently demetalated. Therefore, it was dissolved in 
CH2Cl2 (5 mL) and cooled with an ice bath. Conc. H2SO4 
(0.5 mL) was added and the reaction was stirred under 
ice bath cooling for 1 h before the acid was quenched 
via slow addition of NEt3 (5 mL). The mixture was 
purified by silica plug filtration (CH2Cl2), followed by 
recrystallization from CH2Cl2/MeOH, which yielded the 
product as a brown solid in 42% yield (8.0 mg, 3.9 µmol). 
1H NMR (CDCl3, 601 MHz, 25 °C): δ, ppm = 9.12 (d, J = 
4.6 Hz, 1H), 8.98 (d, J = 4.7 Hz, 1H), 8.91 (d, J = 4.7 Hz, 
1H), 8.88 (d, J = 4.7 Hz, 1H), 8.83 (d, J = 4.6 Hz, 1H), 
8.81–8.45 (m, 6H), 8.39 (d, J = 4.6 Hz, 1H), 8.09 (d, J = 
1.8 Hz, 2H), 8.06 (t, J = 1.8 Hz, 1H), 8.05–8.02 (m, 4H), 
7.86 (d, J = 8.1 Hz, 2H), 7.78 (t, J = 1.8 Hz, 1H), 7.75 (t, 
J = 1.8 Hz, 1H), 7.36–7.30 (m, 4H), 7.15 (d, J = 8.3 Hz, 
2H), 7.07 (d, J = 8.3 Hz, 2H), 7.05–6.99 (m, 4H), 6.94–
6.87 (m, 6H), 6.86–6.79 (m, 4H), 5.29–5.20 (m, 1H), 
2.37–2.24 (m, 2H), 1.97–1.86 (m, 2H), 1.51 (s, 18H), 
1.49 (s, 18H), 1.45 (s, 18H), 1.34 (s, 9H), 1.23 (s, 9H), 
1.15 (s, 9H), 1.14 (s, 9H), 0.86 (t, J = 7.1 Hz, 6H), -2.78 
(s, 2H). 13C NMR (CDCl3, 151 MHz, 25 °C): δ, ppm = 
162.85, 148.63, 148.61, 148.49, 148.21, 148.15, 147.73, 
147.69, 142.36, 141.93, 141.36, 141.24, 141.15, 140.99, 
140.70, 140.55, 140.50, 140.19, 139.33, 139.18, 137.92, 
137.73, 137.72, 137.34, 133.49, 132.78, 132.00, 131.43, 
131.18, 131.15, 131.13, 130.83, 129.83, 129.74, 129.71, 
129.63, 127.05, 127.01, 126.99, 126.77, 123.58, 123.55, 
123.24, 123.21, 121.19, 121.16, 120.90, 120.88, 120.84, 
120.78, 120.08, 55.17, 35.07, 35.04, 35.00, 34.37, 34.26, 
34.13, 34.12, 32.24, 31.74, 31.72, 31.72, 31.68, 31.67, 
31.65, 31.60, 31.50, 31.43, 31.29, 31.23, 31.22, 29.69, 
26.56, 22.58, 14.05. HRMS: (MALDI, dctb): calculated 
for C145H160N6O4 ([M]+) m/z = 2049.2496, found m/z = 
2049.2548. UV/vis (CH2Cl2): λ, nm (ε, M-1 . cm-1) = 361 
(31500), 380 (37200), 421 (368000), 518 (14300), 553 
(8200), 591 (4700), 647 (5000). Fluorescence (CH2Cl2): 
λexc., nm = 380, λemission, nm (rel. int.) = 653 (9.8), 718 
(2.7); λexc., nm = 421, λemission, nm (rel. int.) = 652 (100), 
717 (21.2).
Porphyrin-NDI-HBC 17. Porphyrin-NDI-HPB 15 
(10.2 mg, 4.97 µmol, 1 equiv.) was dissolved in CH2Cl2 
Table 2. Photophysical data of PDI compounds 16, 18
Porphyrin-PDI-HPB Porphyrin-PDI-HBC
Abs: 
λ/nm (ε/104M-1cm-1)
421 (47.3) 525 (9.5) 359 (12.9), 427 (32.1), 527 (8.9)
FWHMSoret/nm 12.0 20.6
Fluo: λexc.: B-band
λemi../nm (rel. int.)
653 (66.7) 718 (13.4) 535 (2.7), 574 (1.3) 653 (9.2), 715 (6.1)
Fluo: λexc.: HBC 
λemi../nm (rel. int.)
— 533 (2.9), 575 (1.8) 652 (17.3), 718 (8.5)
Fluo: 
λexc.: Perylenemax
λemi../nm (rel. int.)
535 (/)*, 575 (80.7) 653 (100), 716 (19.8) 530 (/)*, 573 (100) 652 (25.0), 718 (4.4)
*Relative intensity could not be determined due to Rayleigh scattering of the excitation light.
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(10 mL) and cooled to 0 °C. After degassing for 20 min 
(N2 bubbling through solution) dry FeCl3 (24.2 mg, 
149 µmol, 30 equiv.) dissolved in CH3NO2 (0.1 mL) was 
added. The N2 flow was maintained for further 15 min 
and the reaction was stirred overnight. The reaction was 
quenched via the addition of MeOH (5 mL). The solvent 
was removed under reduced pressure and the crude 
product was purified by silica plug chromatography 
(CH2Cl2/hexanes — 1:1) to provide the title compound 
as a purple solid in 93% yield (9.40 mg, 4.61 µmol). 
1H NMR (CDCl3, 500 MHz, 25 °C): δ, ppm = 10.16 
(s, 1H), 10.01 (s, 1H), 9.44–9.35 (m, 6H), 9.31 (d, J = 
1.7 Hz, 1H), 9.21 (s, 1H), 9.18–9.13 (m, 2H), 9.01–8.95 
(m, 2H), 8.91 (s, 6H), 8.81–8.57 (m, 4H), 8.15–8.09 
(m, 3H), 8.08–8.02 (m, 3H), 7.79 (t, J = 1.8 Hz, 1H), 
7.75 (t, J = 1.9 Hz), 5.14–5.00 (m, 1H), 2.17–2.06 (m, 
2H), 1.88–1.83 (m, 20H), 1.77 (s, 9H), 1.60 (s, 9H), 
1.53 (s, 9H), 1.50 (s, 9H), 1.49 (s, 18H), 1.46 (s, 18H), 
1.22–1.11 (m, 12H), 0.90–0.81 (m, 3H), -2.56 (s, 2H). 
13C NMR (CDCl3, 151 MHz 25 °C): δ, ppm = 163.81, 
149.84, 149.70, 149.66, 149.54, 148.90, 148.87, 148.81, 
141.48, 141.27, 141.27, 141.19, 133.74, 133.06, 132.75, 
131.55, 130.93, 130.90, 130.87, 130.78, 130.73, 130.43, 
130.01, 129.96, 129.92, 129.90, 129.78, 129.36, 128.49, 
128.25, 128.09, 127.20, 127.07, 126.96, 126.65, 125.66, 
124.63, 124.29, 124.11, 122.29, 122.12, 121.90, 121.87, 
121.70, 121.46, 121.43, 121.26, 121.18, 120.80, 120.02, 
119.90, 119.87, 119.72, 119.59, 119.35, 119.28, 55.40, 
35.97, 35.89, 35.22, 35.18, 35.16, 32.30, 32.20, 32.16, 
32.08, 32.02, 31.95, 31.92, 31.87, 31.80, 31.73, 26.66, 
22.85, 22.58, 14.28, 14.08. HRMS: (APPI, CH2Cl2): 
calculated for C145H149N6O4 ([M + H]+) m/z = 2038.1635, 
found m/z = 2038.1642. UV/vis (CH2Cl2): λ, nm (ε, 
M-1 . cm-1) = 360 (139000), 383 (87600), 427 (292000), 
518 (17500), 555 (10000), 592 (5500), 648 (5400). 
Fluorescence (CH2Cl2): λexc., nm = 360, λemission, nm (rel. 
int.) = 652 (11.2), 721 (8.8); λexc., nm = 427, λemission, nm 
(rel. int.) = 654 (100), 717 (20.4).
PDI-alkyne 8. For the synthesis of 8 a modified 
literature procedure was used [29]. Perylene-monoimide 
5 [28] (100 mg, 183 µmol, 1 equiv.), 4-ethinylaniline 6 
(26.0 mg, 220 µmol, 1.2 equiv.) and imidazole (700 mg) 
were stirred under nitrogen atmosphere at 120 °C for 
6 h. The reaction mixture was cooled to rt, dissolved in 
CH2Cl2 and washed with H2O/HCl. The crude product 
was subjected to silica plug chromatography (CH2Cl2) to 
provide the title compound as a pink solid in 36% yield 
(43.0 mg, 0.067 mmol). 1H NMR (CDCl3, 400 MHz, 
25 °C): δ, ppm = 8.78–8.56 (m, 8H), 7.68 (d, J = 8.5 Hz, 
2H), 7.32 (d, J = 8.5 Hz, 2H), 5.23–5.09 (m, 1H), 3.14 
(s, 1H), 2.35–2.10 (m, 2H), 1.94–1.74 (m, 2H), 1.39–
1.19 (m, 12H), 0.86–0.74 (m, 6H). 13C NMR (CDCl3, 
101 MHz, 25 °C): δ, ppm = 163.52, 135.53, 135.41, 
134.36, 133.34, 132.05, 131.28, 129.99, 129.68, 128.95, 
126.84, 126.55, 123.53, 123.24, 123.21, 123.09, 83.09, 
78.38, 54.99, 32.46, 31.89, 26.79, 22.71, 14.19. MS 
(MALDI, dctb): m/z = 645.31 (100%, [M + H]+). HRMS: 
(MALDI, dctb): calculated for C43H36N2O4 ([M]+) m/z = 
644.2670, found m/z = 644.2656. UV/vis (CH2Cl2): λ, nm 
(ε, M-1 . cm-1) = 459 (19000), 490 (52000), 526 (83800).
Nickel-porphyrin-PDI-tolan 14. A 5 mL vial was 
charged with nickel-iodo-porphyrin 12 [30] (70 mg, 
62 µmol, 1 equiv.), ethynyl-PDI 8 (48 mg, 74 µmol, 
1.2 equiv.), PdCl2(PPh3)2 (2.1 mg, 3.0 µmol, 0.05 equiv.), 
CuI (0.24 mg, 1.0 µmol, 0.02 equiv.) and THF (3 mL). 
The solution was degassed for 10 min and subsequently 
NEt3 (1.5 mL) was added via syringe. The reaction 
mixture was stirred at 50 °C overnight under nitrogen 
atmosphere. The crude product was subjected to silica 
plug chromatography (CH2Cl2/hexanes — 1:1 à CH2Cl2) 
to provide the title compound as a red solid in 76% yield 
(78 mg, 47 µmol). 1H NMR (CDCl3, 400 MHz, 25 °C): 
δ, ppm = 8.80 (d, J = 4.0 Hz, 6H), 8.75 (d, J = 5.0 Hz, 
2H), 8.74–8.57 (m, 8H), 8.04 (d, J = 8.3 Hz, 2H), 7.92–
7.81 (m, 10H), 7.74–7.68 (m, 3H), 7.42 (d, J = 8.5 Hz, 
2H), 5.25–5.13 (m, 1H), 2.38–2.16 (m, 2H), 1.97–1.82 
(m, 2H), 1.47 (s, 36H), 1.46 (s, 18H), 1.37–1.23 (m, 
12H), 0.88–0.80 (m, 6H). 13C NMR (CDCl3, 151 MHz, 
25 °C): δ, ppm = 163.45, 148.95, 148.92, 142.88, 142.81, 
142.80, 142.20, 141.50, 139.95, 139.94, 135.20, 134.97, 
134.22, 133.76, 132.75, 132.62, 132.43, 132.34, 131.88, 
131.57, 130.22, 129.83, 129.52, 128.91, 128.88, 128.78, 
128.67, 126.66, 126.38, 124.15, 123.35, 123.15, 123.06, 
122.45, 121.11, 121.10, 120.35, 120.28, 117.65, 90.42, 
89.69, 54.84, 34.98, 32.32, 31.78, 31.75, 31.67, 31.63, 
31.58, 31.54, 26.65, 23.81, 22.61, 22.57, 14.05. MS 
(MALDI, dctb): m/z = 1649.71 (100%, [M]+). HRMS: 
(APPI, CH2Cl2/CH3CN): calculated for C111H110N6NiO4 
([M]+) m/z = 1648.7937, found m/z = 1648.7959. UV/
vis (CH2Cl2): λ, nm (ε, M-1 . cm-1) = 418 (272000), 458 
(25300), 490 (59200), 527 (111000).
Porphyrin-PDI-HPB 16. A 2 mL vial, charged with 
porphyrin-PDI-tolan 14 (55.0 mg, 33.3 µmol, 1 equiv.), 
tetracyclone 19 [9, 31] (30.0 mg, 50.0 µmol, 1.5 equiv.) 
and Ph2O (1.0 mL), was purged with argon and heated in 
the microwave reactor for 12 h to 260 °C. The crude was 
diluted with little CH2Cl2 and the product was precipitated 
via the addition of MeOH. The nickel porphyrin was 
subsequently demetalated. Therefore, it was dissolved 
in CH2Cl2 (20 mL) and cooled with an ice bath. Conc. 
H2SO4 (2.0 mL) was added and the reaction was stirred 
under ice bath cooling for 1 h. The acid was quenched 
via slow addition of NEt3 (20 mL). The mixture was 
purified by silica plug filtration (hexanes/CH2Cl2 — 1:1), 
followed by recrystallization from THF/MeOH, which 
yielded the product as a purple solid in 83% yield (60.1 
mg, 27.6 µmol). 1H NMR (CDCl3, 400 MHz, 25 °C): δ, 
ppm = 9.18 (d, J = 4.8 Hz, 1H), 9.03 (d, J = 4.8 Hz, 1H), 
8.96–8.45 (m, 15H), 8.39 (d, J = 4.8 Hz, 1H), 8.13 (d, J = 
1.9 Hz, 2H), 8.09–8.00 (m, 4H), 7.96 (t, J = 1.8 Hz, 1H), 
7.86 (d, J = 8.1 Hz, 2H), 7.78 (t, J = 1.9 Hz, 1H), 7.76 (t, 
J = 1.9 Hz, 1H), 7.37–7.28 (m, 4H), 7.19–6.75 (m, 18H), 
5.27–5.13 (m, 1H), 1.98–1.75 (m, 4H), 1.51 (s, 18H), 
1.49 (s, 18H), 1.46 (s, 18H), 1.32 (s, 9H), 1.23 (s, 9H), 
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1.15 (s, 9H), 1.14 (s, 9H), 0.92–0.76 (m, 6H), -2.77 
(s, 2H). 13C NMR (CDCl3, 151 MHz, 25 °C): δ, ppm = 
163.30, 157.24, 148.63, 148.56, 148.15, 148.13, 147.70, 
147.65, 142.23, 142.00, 141.38, 141.26, 141.12, 141.01, 
140.69, 140.61, 140.54, 140.22, 139.46, 139.16, 137.99, 
137.80, 137.41, 134.73, 133.45, 132.71, 132.49, 131.95, 
131.46, 131.22, 131.17, 131.15, 130.00, 129.90, 129.86, 
129.76, 129.72, 129.67, 129.63, 129.38, 129.02, 128.88, 
127.81, 127.13, 126.79, 126.59, 126.52, 125.53, 125.38, 
125.22, 123.80, 123.60, 123.55, 123.34, 123.23, 123.19, 
123.07, 121.21, 121.15, 120.92, 120.64, 120.20, 119.85, 
118.87, 57.70, 54.84, 45.65, 40.83, 35.08, 35.04, 35.01, 
34.36, 34.27, 34.13, 34.12, 33.81, 32.36, 31.92, 31.82, 
31.77, 31.74, 31.73, 31.49, 31.35, 31.31, 31.23, 31.17, 
31.02, 29.69, 28.42, 26.65, 26.62, 23.81, 22.61, 22.58, 
22.55, 20.77, 17.47, 17.28, 14.63, 14.11, 14.06, 14.03. 
HRMS: (MALDI, dctb): calculated for C155H164N6O4 
([M]+) m/z = 2173.2809, found m/z = 2173.2783. UV/
vis (CH2Cl2): λ, nm (ε, M-1 . cm-1) = 421 (473000), 458 
(19300), 489 (51500), 525 (91700), 552 (9580), 592 
(4600), 647 (4800). Fluorescence (CH2Cl2): λexc., nm = 
421, λemission, nm (rel. int.) = 653 (66.7), 718 (13.4); 
λexc., nm = 489, λemission, nm (rel. int.) = 535 (79.3), 576 
(31.9), 653 (36.4), 717 (7.1); λexc., nm = 525, λemission, nm 
(rel. int.) = 535 (/), 575 (80.7), 653 (100), 716 (19.8).
Porphyrin-PDI-HBC 18. A 100 mL flask was charged 
with porphyrin-PDI-HPB 16 (29.7 mg, 13.7 µmol, 
1 equiv.), CH2Cl2 (30 mL) and sealed with a rubber 
septum. The solution was cooled with an ice bath and 
degassed for 15 min (N2 bubbling through solution). 
Dry FeCl3 (66.0 mg, 410 µmol, 30 equiv.), dissolved 
in CH3NO2 (0.2 mL), was added under N2 bubbling 
and the flow of N2 was maintained for further 15 min. 
The reaction was stirred under slow warming to rt for 
16 h, quenched via the addition of MeOH (10 mL) and 
neutralized with NEt3 (1 mL). The mixture was pre-
purified by silica plug filtration (hexanes/CH2Cl2 — 1:1, 
∅ 3.5 cm . 9 cm). The first fraction, which contained the 
product, was subjected to silica plug filtration once more 
(hexanes/CH2Cl2 — 1:1, ∅ 3.5 cm . 11 cm). Finally, the 
product was dissolved in little CH2Cl2 and precipitated 
via the addition of MeOH. The product was obtained as 
a red solid in 14% yield (4.20 mg, 1.94 µmol). 1H NMR 
(CDCl3, 600 MHz, 25 °C): δ, ppm = 10.12 (s, 1H), 10.07 
(s, 1H), 9.52–8.75 (m), 8.28 (bs), 8.20–7.89 (m), 7.75 
(s), 7.70 (s), 5.13–5.04 (m, 1H), 1.86 (s, 9H), 1.75 (s, 
9H), 1.60 (s, 9H), 1.51 (s, 9H), 1.47 (s, 18H), 1.45 (s, 
9H), 1.37 (bs, 9H), 1.24 (s, 9H), 0.96–0.78 (m, 6H), -2.57 
(s, 2H). 13C NMR (CDCl3, 151 MHz, 25 °C): δ, ppm = 
163.68, 149.74, 149.62, 149.40, 148.66, 148.64, 148.60, 
141.33, 141.14, 134.26, 133.76, 132.19, 131.86, 131.27, 
130.65, 130.52, 130.37, 130.25, 129.93, 129.86, 129.73, 
129.60, 129.00, 128.46, 128.09, 125.31, 124.32, 123.84, 
122.66, 122.35, 121.64, 121.24, 121.14, 120.94, 120.68, 
119.67, 119.44, 119.14, 119.03, 118.87, 54.66, 53.41, 
53.19, 53.01, 52.83, 52.65, 35.80, 35.72, 35.67, 35.60, 
35.03, 34.98, 34.97, 34.91, 32.04, 31.95, 31.92, 31.87, 
31.74, 31.74, 31.69, 31.67, 31.62, 29.69, 26.66, 22.68, 
22.47, 14.11, 13.91. HRMS: (MALDI, dctb): calculated 
for C155H152N6O4 ([M]+) m/z = 2161.1870, found m/z = 
2161.1883. HRMS: (APPI, CH2Cl2/CH3CN): calculated 
for C155H152N6O4 ([M + H+]+) m/z = 2162.1948, found 
m/z = 2162.1980. UV/vis (CH2Cl2): λ, nm (ε, M-1 . cm-1) = 
359 (129000), 427 (321000), 492 (53900), 527 (89100), 
592 (5600), 648 (6200). Fluorescence (CH2Cl2): λexc., 
nm = 359, λemission, nm (rel. int.) = 533 (2.9), 575 (1.8), 
652 (17.3), 718 (8.5); λexc., nm = 427, λemission, nm (rel. 
int.) = 535 (2.7), 574 (1.3), 653 (9.2), 715 (6.1); λexc., 
nm = 492, λemission, nm (rel. int.) = 535 (80.3), 573 (37.7), 
653 (9.2), 716 (1.6); λexc., nm = 527, λemission, nm (rel. int.) = 
530 (/), 573 (100), 652 (25.0), 718 (4.4). 
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4 Conclusion and Outlook 
To conclude, the synthesis and characterization of porphyrin-HPBs, the respective HBCs 
derivatives as well as modified versions thereof was presented. Mixed cyclotrimerization 
reactions permitted the preparation of a series of porphyrin-HPBs with little effort in synthesis. 
Due to partial difficulties in separation, however, not all products, such as the series of bis-
porphyrin-HPBs, were obtained purely. Instead, a series of the oxidized ortho-, meta-, para-
bis-porphyrin-HBC derivatives was prepared in a selective post-functionalization approach, in 
which HPBs/HBCs with the desired geometry were formed prior to the attachment of the 
porphyrins. In addition, porphyrin-HBCs were prepared by Scholl oxidations of the respective 
HPB precursors, which has proven to be an excellent reaction type if not more than three 
porphyrins are attached to the HPB. If higher (> 3) porphyrin functionalization degrees were 
required, e.g., like for hexa-porphyrin-HBC, a post-functionalization approach of an already 
pre-formed HBC was found to be a successful strategy. Finally, the compound class of 
porphyrin-HBCs was expanded to modified derivatives, which were prepared by Diels-Alder- 
and Scholl-type reactions. For example, other chromophores, next to the porphyrin, were 
attached to the HBC, such as rylene-diimides. All compounds were studied using basic 
photophysical techniques, which revealed that the optical characteristics of porphyrin-HBCs 
are strongly dependent on the substitution geometry as well as on the number of porphyrins 
per HBC. This was particularly notable in the porphyrins’ B-band distortion, which was 
attributed to an intramolecular electronic interaction between the porphyrins. Although a first 
insight into the electronic properties of porphyrin-HBCs was already obtained, detailed 
understanding is still lacking. In depth investigations in collaboration with physical- and 
theoretical-chemistry experts from the groups of Prof. D. Guldi and Prof. A. Görling are 
therefore currently being performed. Time resolved experiments, for example, femtosecond 
transient absorption spectroscopy as well as time dependent DFT calculations are under 
investigation for getting a deeper understanding about the electronic characteristics. Figure 10 
shows exemplarily the transient absorption spectra as well as a calculated UV-vis absorption 
spectrum of the ortho-bis-porphyrin HBC 102.  
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Figure 10. Transient absorption spectra (left) and calculated UV-vis absorption spectrum (right) of ortho-bis-
porphyrin HBC 102. a) Spectra were measured by Philipp Haines (Prof. D. Guldi) and b) calculated by Simon 
Bönisch (Prof. A. Görling). 
Porphyrin-HBCs, in which porphyrins are next to each other were found to be excellent host 
molecules for spherical guests such as C60-fullerenes. Due to a perfect size match between 
porphyrin-HBCs and C60, strong host guest interactions, accompanied by distinct changes of 
the electronic characteristics, were observed. The supramolecular complexes are currently 
studied in solution (titrations), in the gas phase (mass spectrometry) and in the solid state 
(XRD) in collaboration with the groups of Prof. D. Guldi, Prof. T. Drewello and Prof. A. Görling. 
Some of the already collected data is shown in Figure 11. 
 
Figure 11. Host-guest chemistry of ortho-bis-porphyrin-HBC 102 and C60. a) Reaction scheme with molecules 
depicted as X-ray crystal structures. b) Titration experiment in which the complexation of C60 was followed by UV-
vis and fluorescence spectroscopy (in toluene). The titration was performed by Philipp Haines and Ramandeep 
Kaur. c) Gas phase experiments (collision induced dissociation) with C60@102 measured by Martin Minameyer 
(Prof. T. Drewello). Calculations (not shown in this figure) were conducted by Stefan Frühwald (Prof. A. Görling). 
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Additionally, hexa-porphyrin-HBC 111 was found to be an extraordinary host, which has an 
exceptionally high fullerene uptake capability (Figure 12). 111 can bind up to eight guest 
molecules and was therefore regarded as a “fullerene sponge”. Due to the large size of the 
molecule 111 and the ability to bind several fullerenes, more elaborated experiments were 
required to elucidate the supramolecular properties. For example, X-ray crystallographic data 
could only be obtained at a reduced resolution. This is not surprising if the huge size with a 
molecular weight of more than 10 kDa is taken into consideration. Furthermore, the data of 
titration experiments cannot be fitted using standard models, which makes the data analysis 
more complex. The supramolecular behavior of porphyrin-HBCs and fullerenes is therefore 
still an ongoing topic of research. 
 
 
Figure 12. Host-guest chemistry of hexa-porphyrin-HBC 111 and C60. a) Reaction scheme with molecules depicted 
as X-ray crystal structures. The structure of 6C60@111 was measured by Jens Langer (Prof. S. Harder) with a 
reduced resolution at which not all atoms are resolved. b) Titration experiment in which the complexation of C60 
was followed by UV-vis and fluorescence spectroscopy (in toluene). The titration was performed by Philipp Haines 
and Ramandeep Kaur. c) Gas phase experiments (ESI-ToF) with complexes of up to 8C60@111 were measured 
by Martin Minameyer (Prof. T. Drewello). d) Calculated structure of the host guest complex 8C60@111 in the gas 
phase. 
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From the synthesis point of view, several strategies need to be pursued to further expand the 
family of porphyrin-nanographenes. One approach was already started by the preparation of 
modified porphyrin-HBC derivatives (chapter 3.4 – 3.5), for example by attaching other 
chromophores or functional groups to porphyrin-HBCs. Another possibility is, to enhance the 
electronic communication between the porphyrin and HBC by fusing both systems together. 
As already shown by K. Müllen, A. Narita and co-workers (see chapter 1.3, Scheme 21)[122] 
porphyrins can be fused to HBC-based nanographenes under Scholl oxidative conditions. The 
poor product solubility, however, limited the characterization and applications of these fused 
porphyrin-HBC hybrids. In this work porphyrins were therefore fused to HBCs via a five-
membered ring under Scholl conditions, which yielded a highly soluble porphyrin-HBC hybrid. 
Due to the linkage of both p-systems, the UV-vis spectrum of fused porphyrin-HBC 117 showed 
strong absorption features throughout the visible spectrum (Figure 13). 117 as well as further 
fused derivatives are at the moment under intense investigation. 
 
 
Figure 13. Normalized UV-vis spectrum of fused-mono-porphyrin-HBC 117. 
Very recently, the synthesis of conjugates, in which porphyrins were attached to larger 
nanographenes than HBC, was reported for the first time.[124] The synthesis of nanographenes 
with different lengths was also targeted within this work and first progress was achieved by 
using a stepwise buildup of nanographene precursors (Scheme 27), based on the 
“functionalization of para-nitroaniline” approach[29] by the Jux group. The reaction conditions, 
however, need further optimization as up until now some of the reaction steps work only in 
poor yields, which is limiting the practicality of this approach. 
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Scheme 27. Proposed synthesis of mono-porphyrin-nanographene 123. The synthesis up to compound 122 was 
already achieved. Ar = 3,5-di-tert-butylphenyl. 
Finally, the effects of non-planarity on the nanographenes properties should be studied. For 
that, HBC-based helical compounds such as 126 (Scheme 28) were already prepared and 
compared to their planar analogues. Similar to the examples shown in the main part of this 
thesis, it should be possible to functionalize helical nanographenes like 126 with porphyrins, 
which would allow to study the porphyrins communication ability across twisted p-systems. 
The synthesis and characterization of helical porphyrin-nanographene hybrid materials based 
on the structural motif of 126 is currently under further investigation. 
 
Scheme 28. Synthesis of the HBC-based [5]helicene 126, which should be suitable as a building block for chiral 
porphyrin-architectures.
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5 Schlussfolgerung und Ausblick 
In dieser Arbeit wurde die Synthese und Charakterisierung von Porphyrin-HPBs und deren 
HBC-Derivate als auch modifizierte Versionen davon präsentiert. Gemischte 
Cyclotrimerisierungsreaktionen ermöglichten es, eine Serie von Porphyrin-HPBs mit wenig 
Syntheseaufwand herzustellen. Bedingt durch Schwierigkeiten in der Trennung der 
verschiedenen Isomere, konnten jedoch nicht alle Produkte voneinander separiert werden, so 
zum Beispiel die Serie der bis-Porphyrin-HPBs. Deshalb wurden die ortho, meta, para 
oxidierten bis-Porphyrin-HBC-Derivate über einen selektiven post-Funktionalisierungsansatz 
hergestellt. Hierfür wurden zuerst HPBs/HBCs mit der gewünschten Geometrie synthetisiert 
und anschließend die Porphyrine angehängt. Des Weiteren konnten Porphyrin-HBCs auch 
über eine Scholl-Oxidation der jeweiligen HPB-Vorstufen erhalten werden. Mit der 
Umwandlung über die Scholl-Reaktion konnten die gewünschten Produkte in hohen 
Ausbeuten isoliert werden, jedoch nur solange nicht mehr als drei Porphyrine an den jeweiligen 
HPB-Vorstufen gebunden waren. Für den Fall, dass höhere (> 3) Porphyrin-
Funktionalisierungsgrade benötigt wurden, wie zum Beispiel für das hexa-Porphyrin-HBC, hat 
sich der post-Funktionalisierungsansatz mit bereits vorgeformten HBCs als erfolgreich 
erwiesen. Zuletzt wurde die Verbindungsklasse der Porphyrin-HBCs durch modifizierte 
Derivate erweitert, die über Diels-Alder- und Scholl-Reaktionen synthetisiert werden konnten. 
So wurden zusammen mit Porphyrinen noch andere Chromophore an HBCs gebunden, wie 
zum Beispiel Rylen-diimide. Alle Zielmoleküle wurden mit den standardmäßigen 
photophysikalischen Messmethoden charakterisiert, welche zeigten, dass die optischen 
Eigenschaften der Porphyrin-HBCs zum einen stark von deren Substitutionsmuster aber auch 
von der Anzahl der Porphyrine pro HBC abhängig sind. Dieser Zusammenhang wurde 
besonders in der Verzerrung der Porphyrin B-Bande auffällig, die auf intramolekulare 
elektronische Wechselwirkungen zwischen den Porphyrinen zurückzuführen ist. Mit den hierin 
präsentierten Ergebnissen konnte bereits ein guter Überblick über die elektronischen 
Eigenschaften von Porphyrin-HBCs erlangt werden. Da jedoch ein detailliertes Verständnis 
über die genauen elektronischen Prozesse noch aussteht, werden gerade Untersuchungen in 
Kollaboration mit Experten aus der Physikalischen- (Prof. D. Guldi) und Theoretischen-Chemie 
(Prof. A. Görling) durchgeführt. So werden zeitaufgelöste Experimente, wie zum Beispiel 
Femtosekunden-Transienten-Absorptionsspektroskopie sowie zeitabhängige DFT-
Berechnungen realisiert. Abbildung 1 zeigt beispielsweise die Transienten-Absorptions-
spektren sowie ein berechnetes UV-vis Spektrum des ortho-porphyrin-HBCs 102.  
5 Schlussfolgerung und Ausblick 
 85 
 
Abbildung 1. Transienten-Absorptionsspektren (links) und berechnetes UV-vis Spektrum (rechts) von ortho-bis-
porphyrin-HBC 102. a) Spektren wurden von Philipp Haines (Prof. D. Guldi) und b) Simon Bönisch (Prof. A. Görling) 
gemessen bzw. berechnet. 
Porphyrin-HBCs, in denen die Porphyrine direkt nebeneinander angeordnet sind, zeigten 
hervorragende Fähigkeiten als Wirt-Moleküle, die in der Lage sind sphärische Gäste wie zum 
Beispiel Fullerene zu binden. Bedingt durch ein perfektes Größenverhältnis von Porphyrin-
HBCs und C60-Fullerenen können starke Wirt-Gast-Wechselwirkungen stattfinden, die sich in 
deutlichen Veränderungen der elektronischen Eigenschaften bemerkbar machen. Die 
supramolekularen Komplexe werden aktuell in Lösung (Titrationen), in der Gasphase 
(Massenspektrometrie) und in der festen Phase (Röntgenstrukturanalyse) in Zusammenarbeit 
mit den Gruppen von Prof. D. Guldi, Prof. T. Drewello und Prof. A. Görling untersucht. Ein Teil 
der Ergebnisse ist als Beispiel in Abbildung 2 dargestellt. 
 
Abbildung 2. Wirt-Gast Chemie des ortho-bis-Porphyrin-HBCs 102 und C60. a) Reaktionsschema, in dem die 
Moleküle als Kristallstrukturen abgebildet sind. b) Titrationsexperiment (in Toluol), in dem die Komplexierung von 
C60 mit UV-vis und Fluoreszenzspektroskopie verfolgt wurde. Die Titration wurde von Philipp Haines und 
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Ramandeep Kaur durchgeführt. c) Experimente in der Gasphase (Kollisionsinduzierte Dissoziation) mit C60@102 
wurden von Martin Minameyer (Prof. T. Drewello) gemessen und die dazugehörigen berechneten Strukturen (nicht 
abgebildet) wurden von Stefan Frühwald (Prof. A. Görling) angefertigt. 
Zusätzlich wurde entdeckt, dass sich hexa-Porphyrin-HBC 111 besonders gut als Wirt-Molekül 
eignet, da es eine außerordentlich hohe Fulleren-Aufnahmefähigkeit besitzt (Abbildung 3). 111 
kann bis zu acht C60-Moleküle binden und wird deshalb auch als „Fulleren-Schwamm“ 
bezeichnet. Bedingt durch die Größe des Wirt-Moleküls 111 und dessen Fähigkeit, mehrere 
Fullerene binden zu können, erschwert sich jedoch die Aufklärung der supramolekularen 
Eigenschaften. Standardexperimente sind an dieser Stelle nicht oder nur bedingt geeignet um 
verwertbare Daten zu erhalten. So konnten zum Beispiel Röntgenstrukturanalysen nur mit 
einer deutlich verringerten Auflösung durchgeführt werden. Unter Berücksichtigung eines 
Molekulargewichts von mehr als 10 kDa ist dies jedoch nicht verwunderlich. Weiterhin können 
die Ergebnisse der Titrationsexperimente, bedingt durch deren Komplexität, nicht mit 
standardisierten Modellen angepasst werden. Dies führt dazu, dass sich die Datenanalyse 
deutlich schwieriger gestaltet, weshalb das supramolekulare Verhalten von Porphyrin-HBCs 
und Fullerenen noch nicht vollständig aufgeklärt ist und aktuell noch weiter untersucht wird. 
 
Abbildung 3. Wirt-Gast Chemie des hexa-Porphyrin-HBCs 111 und C60. a) Reaktionsschema, in dem die Moleküle 
als Kristallstrukturen abgebildet sind. Die Struktur von 6C60@111 wurde von Dr. Jens Langer (Prof. S. Harder) mit 
einer verringerten Auflösung, bei der nicht alle Atome aufgelöst sind, gemessen. b) Titrationsexperiment (in Toluol), 
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in dem die Komplexierung von C60 mit UV-vis und Fluoreszenzspektroskopie verfolgt wurde. Die Titration wurde 
von Philipp Haines und Ramandeep Kaur durchgeführt. Gasphasen Experimente (ESI-ToF), bei denen Komplexe 
bis zu 8C60@111 auftreten, wurden von Martin Minameyer (Prof. T. Drewello) gemessen. d) Berechnete Struktur 
des Wirt-Gast Komplexes 8C60@111 in der Gasphase. 
Aus der Perspektive der Synthese müssen mehrere Strategien verfolgt werden, um die 
Substanzklasse der Porphyrin-Nanographene zu erweitern. Ein Ansatz wurde bereits durch 
die Synthese von modifizierten Porphyrin-HBC-Derivaten, an denen zusätzliche Chromophore 
oder funktionelle Gruppen gebunden sind, begonnen (Kapitel 3.4 – 3.5). Eine andere 
Möglichkeit ist, die elektronische Kommunikation zwischen den Porphyrin- und HBC-Einheiten 
zu erhöhen, indem man die beiden p-Systeme direkt miteinander verbindet („fused“). Dies 
wurde bereits von K. Müllen, A. Narita und Mitarbeitern (siehe Kapitel 1.3, Scheme 21)[122] 
umgesetzt, die die p-Systeme eines HBC-basierten Nanographens mit dem eines Porphyrins 
direkt verknüpft hatten. Jedoch zeigte das Produkt eine nur schlechte Löslichkeit wodurch sich 
die die Charakterisierungs- und Anwendungsmöglichkeiten dieser Porphyrin-HBC-Hybride 
einschränkten. Deshalb wurde innerhalb dieser Arbeit ein anderer Ansatz verfolgt, der die p-
Systeme von Porphyrin und HBC über einen fünfgliedrigen Ring miteinander verbindet. Das 
Produkt, welches über eine Scholl-Oxidation erhalten wurde, zeigte ein sehr gutes 
Löslichkeitsverhalten und durch das erweiterte p-System ein intensives Absorptionsverhalten 
über den gesamten sichtbaren Bereich des Spektrums hinweg (Abbildung 4). Weitere 
Untersuchungen des Produkts 117 und verwandter Moleküle sind gerade in Arbeit. 
 
Abbildung 4. Normalisiertes UV-vis Spektrum des fused-mono-Porphyrin-HBC 117. 
Vor kurzem wurde die Synthese von Konjugaten, in denen Porphyrine mit größeren 
Nanographenen als HBC verbunden wurden, zum ersten Mal veröffentlicht.[124] Die Synthese 
von Nanographenen mit variierender Länge war auch ein Ziel dieser Arbeit. Erste Fortschritte 
wurden bereits durch die schrittweise Konstruktion von Nanographen-Vorstufen über den 
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„Funktionalisierung von para-Nitroanilin“ Ansatz[29] (Schema 1), der von der Jux 
Forschungsgruppe entwickelt wurde, erreicht. Jedoch bedarf es einer weiteren Optimierung 
der Reaktionsbedingungen, da zum jetzigem Zeitpunkt entscheidende Reaktionsschritte nur 
in moderaten bis schlechten Ausbeuten funktionieren.  
 
Schema 1. Vorgeschlagene Synthese eines mono-Porphyrin-Nanographens 123. Die Synthese bis zur Verbindung 
122 wurde bereits erfolgreich durchgeführt. Ar = 3,5-di-tert-butylphenyl. 
Zuletzt sollte die Synthese von nicht-planaren Nanographenen umgesetzt werden, um den 
Einfluss, den das Verdrehen der Nanographene auf deren Eigenschaften hat, untersuchen zu 
können. Hierfür wurden HBC-basierende helikale Verbindungen, wie zum Beispiel 126 
(Schema 2), hergestellt und mit deren planaren Derivaten verglichen. Ähnlich zu den 
Beispielen, die im Hauptteil dieser Arbeit diskutiert wurden, sollte es möglich sein, Moleküle 
wie 126 mit Porphyrinen zu funktionalisieren, um dann die Kommunikationseigenschaften der 
Porphyrine über das verdrehte Nanographene untersuchen zu können. Die 
Synthesemöglichkeiten und Charakterisierung von helikalen Porphyrin-Nanographen-
Hybridmaterialen, die auf dem Strukturmotif von 126 basieren, werden gerade noch weiter 
untersucht. 
 
Schema 2. Synthese des HBC-basierenden [5]Helicens 126, welches sich als einen geeigneten Baustein für chirale 
Porphyrin-Architekturen eignen könnte.
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S2	
1	Synthetic	strategy	
 
	
Scheme	S	1.	Complete	synthesis	for	all	compounds,	which	were	used	in	this	project.	 
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S3	
	
2	Reaction	conditions	for	microwave	reactions		
	
General	procedure	 for	 the	synthesis	of	A3B	porphyrins.	 Two	20	mL	microwave	vials	were	
prepared:	 each	 vial	 was	 charged	 with	 a	 magnetic	 stir	 bar,	 CH2Cl2	 (19	 mL),	 aldehyde	 A	
(1.50	mmol),	aldehyde	B	(0.50	mmol)	and	pyrrole	(140	μl,	2.00	mmol).	A	solution	of	I2	(25	mg,	
0.10	mmol)	in	CH2Cl2	(1.0	mL)	was	added	to	the	particular	vial,	it	was	sealed	with	a	septum	
and	heated	in	the	microwave	reactor	(20	s	pre	stirring,	5	min	at	40	°C,	max.	power	100	W).	A	
flask	 charged	with	para-chloranil	 (736	mg,	 3.00	mmol)	 in	 20	mL	CH2Cl2	was	 prepared	 and	
heated	 to	 reflux.	 After	 each	 microwave	 reaction	 had	 finished,	 the	 reaction	 mixture	 was	
poured	into	the	para-chloranil	solution.	After	the	content	of	the	second	vial	was	added	to	the	
flask,	the	reaction	mixture	was	stirred	for	further	15	min	at	reflux.	The	product	mixture	was	
adsorbed	 on	 SiO2	 (approx.	 10	 g)	 and	 separated	 via	 silica	 column	 chromatography	
(hexanes/CH2Cl2	–	3:1,	Ø	6	cm	·	37	cm).	The	second	fraction	was	identified	as	the	desired	A3B	
products.	Yields:	13.5	-	14.8	%.	
	
Figure	S	1.	Reaction	conditions	for	porphyrin	synthesis	in	microwave	reactor.	
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3	X-ray	crystallographic	data	
Structure	determination	of	8	
Brown	rod-shaped	crystals	of	ortho-porphyrin-HPB	8	for	X-ray	diffraction	analysis	were	grown	
in	 benzene/MeOH.	A	 suitable	 crystal	 of	8	was	 selected,	 embedded	 in	 inert	 perfluoropoly-
alkylether	 (viscosity	 1800	 cSt;	 ABCR	 GmbH)	 and	 mounted	 using	 a	 Hampton	 Research	
CryoLoop.	The	selected	crystal	was	then	flash	cooled	to	100	K	in	a	nitrogen	gas	stream	and	
kept	at	this	temperature	during	the	experiment.	The	crystal	structure	of	8	was	measured	on	
a	 SuperNova,	 Dual,	 Cu	 at	 zero,	 AtlasS2	 diffractometer.	 The	 data	 was	 processed	 with	 the	
CrysAlisPro	 (v38.46)	 software	 package.S1	Using	 Olex2,S2	 the	 structure	 was	 solved	 with	 the	
ShelXTS3	 structure	 solution	 program	 using	 Intrinsic	 Phasing	 and	 refined	 with	 the	 ShelXLS4	
refinement	package	using	Least	Squares	minimisation.	All	non-hydrogen	atoms	were	refined	
with	anisotropic	displacement	parameters.	All	carbon	bound	hydrogen	atoms	were	placed	in	
ideal	positions	and	refined	as	riding	atoms	with	relative	isotropic	displacement	parameters.	
The	positions	of	the	NH	hydrogen	atoms	were	observed	from	difference	Fourier	maps	and	
refined.	
Disorder	of	10	 t-butyl	groups	and	one	phenyl	 ring	of	 the	molecule	over	 two	positions	was	
modelled	with	appropriate	similarity	restraints	(SIMU,	SADI).	Most	of	the	solvent	molecules	
incorporated	in	the	crystal	were	found	to	be	disordered	as	well.	These	solvent	molecules	were	
deleted	from	the	model	and	their	contribution	to	the	structure	factors	was	secured	by	back-
Fourier	transformation	using	the	solvent	mask	routineS5,S6	of	the	program	Olex2.S2	The	solvent	
accessible	 voids	 treated	 this	 way	 had	 a	 size	 of	 2638.7	 Å3/unit	 cell	 and	 contained	 579.3	
electrons/unit	cell.	Table	S	1	summarizes	the	crystallographic	data	and	structure	refinement	
details.		
Crystallographic	 data	 of	 8	 has	 been	 deposited	 with	 the	 Cambridge	 Crystallographic	 Data	
Centre	as	supplementary	publication	no.	CCDC	1878907.	These	data	can	be	obtained	free	of	
charge	 from	 The	 Cambridge	 Crystallographic	 Data	 Centre	 via	
www.ccdc.cam.ac.uk/data_request/cif.	
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Figure	S	2.	Crystal	structure	of	ortho-porphyrin-HPB	8.	Hydrogens	and	solvent	molecules	were	omitted	for	clarity.	Thermal	
ellipsoids	are	drawn	at	50	%	probability	level.	
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Structure	determination	of	14·Ni3	
Tiny	reddish	brown	crystals	of	the	metallated	tri-porphyrin-HPB	14·Ni3	 for	X-ray	diffraction	
analysis	were	grown	in	benzene/MeOH.	A	suitable	crystal	of	the	composition	14	Ni3·11.5(C6H6)	
was	selected,	embedded	 in	 inert	perfluoropoly-alkylether	 (viscosity	1800	cSt;	ABCR	GmbH)	
and	mounted	using	a	Hampton	Research	CryoLoop.	The	selected	crystal	was	then	flash	cooled	
to	100	K	in	a	nitrogen	gas	stream	and	kept	at	this	temperature	during	the	experiment.	The	
crystal	 structure	 of	 14·Ni3	 was	 measured	 on	 a	 SuperNova,	 Dual,	 Cu	 at	 zero,	 AtlasS2	
diffractometer.	Due	to	the	small	size	of	the	crystal	and	the	rather	large	unit	cell	(13034.3(9)	Å3,	
crystal	system:	triclinic),	the	crystal	diffracted	weakly	and	only	a	substandard	dataset	could	be	
obtained	(resolution	1.0	Å).	Nevertheless,	the	data	was	sufficient	to	establish	the	connectivity	
of	 the	atoms	 in	14·Ni3	 (see	Figure	S	3	below)	and	the	packing	of	 the	molecules	within	 the	
crystal,	but	precludes	detailed	discussion	of	bond	lengths	and	angles.		
The	data	was	processed	with	the	CrysAlisPro	(v38.46)	software	package.S1	Using	Olex2,S2	the	
structure	was	solved	with	the	ShelXTS3	structure	solution	program	using	Intrinsic	Phasing	and	
refined	 with	 the	 ShelXLS4	 refinement	 package	 using	 Least	 Squares	 minimisation.	 All	 non-
hydrogen	atoms	were	refined	with	anisotropic	displacement	parameters.	All	hydrogen	atoms	
were	placed	in	ideal	positions	and	refined	as	riding	atoms	with	relative	isotropic	displacement	
parameters.	 RIGU	 restraintsS7	 were	 placed	 on	 the	 whole	 structure	 to	 ensure	 a	 stable	
refinement.	The	disorder	of	six	of	the	t-butyl	groups	was	modelled	with	additional	similarity	
restraints	(SIMU,	SADI).	Some	of	the	co-crystallized	benzene	molecules	were	refined	as	rigid	
hexagons	 (AFIX	 66).	 Additional	 ISOR	 restraints	 were	 applied	 to	 the	 carbon	 atoms	 of	 one	
benzene.		
Table	 S	 1	 summarizes	 the	 crystallographic	 data	 and	 structure	 refinement	 details.	 Due	 to	
insufficient	quality,	the	data	has	not	been	deposited	at	the	CCDC	but	can	be	obtained	from	
the	authors	(jens.langer@fau.de).	
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Figure	S	3.	Structural	motif	of	A2B2AB-tri-porphyrin-HPB	14·Ni3.	Hydrogens	and	solvent	molecules	were	omitted	for	clarity.	
Thermal	ellipsoids	are	drawn	at	50	%	probability	level.	
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Structure	determination	of	15	
Tiny	 reddish	brown	platelets	of	meta-porphyrin-HPB	15	 for	 X-ray	diffraction	 analysis	were	
grown	 from	 a	mixture	 of	meta/para-porphyrin-HPBs	15,	16	 in	 benzene/MeOH.	 A	 suitable	
crystal	 of	 the	 composition	 15·6.5(C6H6)	 was	 selected,	 embedded	 in	 inert	 perfluoropoly-
alkylether	 (viscosity	 1800	 cSt;	 ABCR	 GmbH)	 and	 mounted	 using	 a	 Hampton	 Research	
CryoLoop.	The	selected	crystal	was	then	flash	cooled	to	100	K	in	a	nitrogen	gas	stream	and	
kept	at	this	temperature	during	the	experiment.	The	crystal	structure	of	15	was	measured	on	
a	SuperNova,	Dual,	Cu	at	zero,	AtlasS2	diffractometer.	Due	to	the	very	small	size	of	the	crystal	
and	the	rather	large	unit	cell	(9287(2)	Å3;	crystal	system:	triclinic),	the	crystal	diffracted	weakly	
and	only	a	substandard	dataset	could	be	obtained	(resolution	1.1	Å).	Nevertheless,	the	data	
was	sufficient	to	establish	the	connectivity	of	the	atoms	in	15	(see	Figure	S	4	below)	and	the	
packing	of	the	molecules	within	the	crystal,	but	precludes	detailed	discussion	of	bond	lengths	
and	angles.		
The	data	was	processed	with	the	CrysAlisPro	(v38.46)	software	package.S1	Using	Olex2,S2	the	
structure	was	solved	with	the	ShelXTS3	structure	solution	program	using	Intrinsic	Phasing	and	
refined	 with	 the	 ShelXLS4	 refinement	 package	 using	 Least	 Squares	 minimisation.	 All	 non-
hydrogen	atoms	were	refined	with	anisotropic	displacement	parameters.	All	hydrogen	atoms	
were	placed	in	ideal	positions	and	refined	as	riding	atoms	with	relative	isotropic	displacement	
parameters.	 RIGU	 restraintsS7	 were	 placed	 on	 the	 whole	 structure	 to	 ensure	 a	 stable	
refinement.	The	disorder	of	two	of	the	t-butyl	groups	was	modelled	with	additional	SIMU	and	
SADI	 restraints.	 Table	 S	 1	 summarizes	 the	 crystallographic	 data	 and	 structure	 refinement	
details.	Due	to	insufficient	quality,	the	data	has	not	been	deposited	at	the	CCDC	but	can	be	
obtained	from	the	authors	(jens.langer@fau.de).	
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Figure	S	4.	Structural	motif	of	meta-porphyrin-HPB	15.	Hydrogens	and	solvent	molecules	were	omitted	for	clarity.	Thermal	
ellipsoids	are	drawn	at	50	%	probability	level.	
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Structure	determination	of	16	
Reddish	brown	crystals	of	para-porphyrin-HPB	16	for	X-ray	diffraction	analysis	were	grown	in	
benzene/MeOH.	 A	 suitable	 crystal	 of	 16	 was	 selected,	 embedded	 in	 inert	 perfluoropoly-
alkylether	 (viscosity	 1800	 cSt;	 ABCR	 GmbH)	 and	 mounted	 using	 a	 Hampton	 Research	
CryoLoop.	The	selected	crystal	was	then	flash	cooled	to	100	K	in	a	nitrogen	gas	stream	and	
kept	at	this	temperature	during	the	experiment.	The	crystal	structure	of	16	was	measured	on	
a	 SuperNova,	 Dual,	 Cu	 at	 zero,	 AtlasS2	 diffractometer.	 The	 data	 was	 processed	 with	 the	
CrysAlisPro	 (v39.46)	 software	 package.S8	Using	 Olex2,S2	 the	 structure	 was	 solved	 with	 the	
ShelXTS3	 structure	 solution	 program	 using	 Intrinsic	 Phasing	 and	 refined	 with	 the	 ShelXLS4	
refinement	package	using	Least	Squares	minimisation.		
The	 structure	 suffers	 from	whole	molecule	disorder.	While	all	 non-hydrogen	atoms	of	 the	
mayor	orientation	(site	occupancy	83%)	of	the	compound	within	the	crystal	were	located	and	
refined	 with	 anisotropic	 displacement	 parameters,	 only	 a	 partial	 model	 for	 the	 minor	
component	(site	occupancy	17%)	could	be	build	and	refined	isotropically.	All	carbon	bound	
hydrogen	atoms	as	well	as	the	NH	hydrogen	atoms	of	the	minor	orientation	of	16	were	placed	
in	ideal	positions	and	refined	as	riding	atoms	with	relative	isotropic	displacement	parameters.	
The	positions	of	the	NH	hydrogen	atoms	of	the	mayor	orientation	of	16	were	observed	from	
difference	Fourier	maps	and	refined.		
Additional	disorder	of	7	t-butyl	groups	within	the	mayor	orientation	of	16	over	two	positions	
was	observed	and	 successfully	modelled	with	 similarity	 restraints	 (SIMU,	SADI),	 rigid	bond	
restraints	 (RIGU)S7	 and	 one	 ISOR	 restraint.	 All	 six-membered	 aromatic	 rings	 of	 the	minor	
orientation	were	refined	as	rigid	hexagons	(AFIX	66).	
The	solvent	molecules	incorporated	in	the	crystal	of	16	were	found	to	be	disordered	as	well.	
These	solvent	molecules	were	deleted	from	the	model	and	their	contribution	to	the	structure	
factors	was	secured	by	back-Fourier	transformation	using	the	solvent	mask	routineS5,S6	of	the	
program	Olex2.S2	The	solvent	accessible	voids	treated	this	way	had	a	size	of	2142.7	Å3/unit	
cell	and	contained	457.4	electrons/unit	cell.	Table	S	1	summarizes	the	crystallographic	data	
and	structure	refinement	details.		
Crystallographic	 data	 of	16	 has	 been	 deposited	with	 the	 Cambridge	 Crystallographic	 Data	
Centre	as	supplementary	publication	no.	CCDC	1878908.	These	data	can	be	obtained	free	of	
charge	 from	 The	 Cambridge	 Crystallographic	 Data	 Centre	 via	
www.ccdc.cam.ac.uk/data_request/cif.	
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Figure	S	5.	Crystal	structure	of	para-porphyrin-HPB	16.	Hydrogens	and	solvent	molecules	were	omitted	for	clarity.	Thermal	
ellipsoids	are	drawn	at	50	%	probability	level.	
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Table	S	1.	Crystal	data	and	structure	refinement	for	8,	14·Ni3,	15	and	16.	
	
Compound	 8·C6H6	[+disordered	solvent]	 14·Ni3·11.5(C6H6)	
Empirical	formula		 C188H212N8		 C309H332N12Ni3	
Formula	weight		 2583.64		 4389.98		
Temperature/K		 100.0(3)		 100.0(2)		
Crystal	system		 triclinic		 triclinic		
Space	group		 P-1		 P-1		
a/Å		 13.98976(19)		 13.7070(5)		
b/Å		 20.6879(3)		 30.1449(13)		
c/Å		 34.2198(4)		 33.1513(13)		
α/°		 88.0850(10)		 102.076(3)		
β/°		 82.7460(10)		 95.259(3)		
γ/°		 82.7600(10)		 100.812(3)		
Volume/Å3		 9744.7(2)		 13034.3(9)		
Z		 2		 2		
ρcalcg/cm
3		 0.881		 1.119		
μ/mm-1		 0.378		 0.681		
F(000)		 2792.0		 4708.0		
Crystal	size/mm3	 0.399	×	0.118	×	0.097		 0.142	×	0.086	×	0.063	
Radiation		 CuKα	(λ	=	1.54184)		 CuKα	(λ	=	1.54184)		
2Θ	range	for	data	collection/°		 6.418	to	134.158		 6.894	to	102.496		
Index	ranges		
-14	≤	h	≤	16,	-24	≤	k	≤	24,	
-40	≤	l	≤	40		
-12	≤	h	≤	13,	-30	≤	k	≤	27,		
-31	≤	l	≤	33		
Reflections	collected		 102523		 49548		
Independent	reflections		
34648	[Rint	=	0.0366,		
Rsigma	=	0.0372]		
27529	[Rint	=	0.0569,		
Rsigma	=	0.0980]		
Data/restraints/parameters		 34648/1489/2226		 27529/3719/3183		
Goodness-of-fit	on	F2		 1.026		 1.145		
Final	R	indexes	[I>=2σ	(I)]		 R1	=	0.0687,	wR2	=	0.1812		 R1	=	0.1133,	wR2	=	0.2996		
Final	R	indexes	[all	data]		 R1	=	0.0797,	wR2	=	0.1895		 R1	=	0.1655,	wR2	=	0.3540		
Largest	diff.	peak/hole	/	e	Å-3		 0.43/-0.32		 1.57/-0.74		
CCDC	No.	 1878907	 Motif	(not	deposited)	
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Table	S	1	(continued).	Crystal	data	and	structure	refinement	for	8,	14·Ni3,	15	and	16.	
	
Compound	 15·6.5(C6H6)	 16	[+disordered	solvent]	
Empirical	formula	 C221H245N8		 C172.6H190.31N8	
Formula	weight		 3013.24		 2376.89		
Temperature/K		 100.0(2)		 100.0(1)		
Crystal	system		 triclinic		 triclinic		
Space	group		 P-1		 P-1		
a/Å		 12.5978(15)		 21.1919(7)		
b/Å		 17.972(2)		 21.4423(8)		
c/Å		 43.321(5)		 24.3801(12)		
α/°		 98.672(10)		 64.385(4)		
β/°		 93.842(9)		 66.879(4)		
γ/°		 105.443(11)		 89.485(3)		
Volume/Å3		 9287(2)		 9012.9(7)		
Z		 2		 2		
ρcalcg/cm
3		 1.078		 0.876		
μ/mm-1		 0.461		 0.378		
F(000)		 3254.0		 2564.0		
Crystal	size/mm3	 0.105	×	0.073	×	0.018		 0.374	×	0.243	×	0.153		
Radiation		 CuKα	(λ	=	1.54184)		 CuKα	(λ	=	1.54184)		
2Θ	range	for	data	collection/°		 20.56	to	88.982		 7.172	to	147.14		
Index	ranges		
-11	≤	h	≤	9,	-15	≤	k	≤	13,		
-37	≤	l	≤	39		
-26	≤	h	≤	26,	-26	≤	k	≤	23,	
	-28	≤	l	≤	30		
Reflections	collected		 13101		 59214		
Independent	reflections		
10206	[Rint	=	0.0671,		
Rsigma	=	0.1435]		
35067	[Rint	=	0.0298,		
Rsigma	=	0.0486]		
Data/restraints/parameters		 10206/2107/2178		 35067/1203/2443		
Goodness-of-fit	on	F2		 1.222		 1.041		
Final	R	indexes	[I>=2σ	(I)]		 R1	=	0.1299,	wR2	=	0.3234		 R1	=	0.0901,	wR2	=	0.2212		
Final	R	indexes	[all	data]		 R1	=	0.1971,	wR2	=	0.3778		 R1	=	0.1230,	wR2	=	0.2472		
Largest	diff.	peak/hole	/	e	Å-3		 0.78/-0.47		 0.39/-0.32		
CCDC	No.	 Motif	(not	deposited)	 1878908	
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4	Spectral	Appendix:	Porphyrin-HPBs	
	
	
Figure	S	6.	a)	UV/Vis	absorption	spectra	of	porphyrin-HPBs	8,	9,	10;	b)	Steady	state	fluorescence	emission	spectra	of	
porphyrin-HPBs	8,	9,	10	upon	excitation	of	the	Soret	band;	Fluorescence	spectra	were	measured	at	the	same	concentration	
as	the	UV/Vis	spectra	in	a)	(Absorbance	of	Soret	Band	=	0.1).	
	
	
	
Figure	S	7.	a)	UV/Vis	absorption	spectra	of	porphyrin-HPBs	12,	13,	14;	b)	Steady	state	fluorescence	emission	spectra	of	
porphyrin-HPBs	12,	13,	14	upon	excitation	of	the	Soret	band;	Fluorescence	spectra	were	measured	at	the	same	
concentration	as	the	UV/Vis	spectra	in	a)	(Absorbance	of	Soret	Band	=	0.1).	
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Figure	S	8.		
1
H	and	
13
C	NMR	of	di-porphyrin-HPB	8.	
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Figure	S	11.		
1
H	and	
13
C	NMR	of	tetra-porphyrin-HPB	9.	
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Figure	S	15.	
	1
H	and	
13
C	NMR	of	hexa-porphyrin-HPB	10.	
1H	NMR	(500 MHz,	CDCl3,	rt)
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Figure	S	18.	
1
H	and	
13
C	NMR	of	mono-porphyrin-HPB	12.	
1H	NMR	(400 MHz,	CDCl3,	rt)
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Figure	S	21.	
1
H	and	
13
C	NMR	of	di-meta/para-porphyrin-HPB	15,	16	mixture.	
1H	NMR	(400 MHz,	CDCl3,	rt)
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Figure	S	25.
	1
H	and	
13
C	NMR	of	(AB)3-tri-porphyrin-HPB	13.	
1H	NMR	(400 MHz,	CDCl3,	rt)
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Figure	S	28.	
1
H	and	
13
C	NMR	of	A2B2AB-tri-porphyrin-HPB	14.	
1H	NMR	(400 MHz,	CDCl3,	rt)
-4-3-2-101234567891011
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5	Spectral	Appendix:	Precursor	Molecules	
	
	
Figure	S	31.	
1
H	NMR	spectra	of	FB-prophyrin	17	(top)	and	nickel-porphyrin	20	(bottom).	
	
Figure	S	32.	
1
H	NMR	spectra	of	deprotected-prophyrin	22	(top)	and	4-((4-(tert-butyl)phenyl)-ethynyl)benzaldehyde	
-4-3-2-1012345678910111213141516
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S39	
(bottom).	
	
Figure	S	33.
	1
H	NMR	spectra	of	FB-prophyrin	19	(top)	and	nickel-porphyrin	11	(bottom).	
-4-3-2-1012345678910111213141516
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f1
(ppm)
-4-3-2-1012345678910111213141516
f1
(ppm)
4ma106802h.1.fid
4ma106802	Free	base	Acetylene	Porph,	10mg
7.47.57.67.77.87.98.08.18.28.38.48.58.68.78.88.99.0
f1
(ppm)
1H	NMR	(400 MHz,	CDCl3,	rt)
1H	NMR	(400 MHz,	CDCl3,	rt)
N HN
NNH
Ar
Ar
Ar
N N
NN
Ar
Ar
Ar Ni
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Figure	S	34.	
1
H	NMR	spectra	of	FB-prophyrin	18	(top)	and	nickel-porphyrin	21	(bottom).	
	
Figure	S	35.	
1
H	NMR	spectrum	of	nickel-porphyrin	dimer	5.	
	
	
	
	
	
	
-4-3-2-1012345678910111213141516
f1
(ppm)
4)MD-02(Nickel-Iodo-Porphyrin)/MD-02(1H,300MHz)
3ma101296h	MD02	Nickel
7.67.77.87.98.08.18.28.38.48.58.68.78.8
f1
(ppm)
1H	NMR	(400 MHz,	CDCl3,	rt)
1H	NMR	(400 MHz,	CDCl3,	rt)
-4-3-2-1012345678910111213
f1
(ppm)
lun46130h
#46130/LUNGERICH/DL111-3/CDCl3/1H/RT/CHP
7.57.77.98.18.38.58.78.99.1
f1
(ppm)
N HN
NNH
I
Ar
Ar
Ar
N N
NN
I
Ar
Ar
Ar Ni
1H	NMR	(400 MHz,	CDCl3,	rt)
-4-3-2-1012345678910111213141516
f1
(ppm)
4)MM2-037	Ni	Porphyrin	Dimer/clean	1H	NMR	(after	SEC	from	MM2-040)
4ma108253h	MM2-040	SEC	F2,	should	be	educt	(Porphyrin	Dimer)
7.57.67.77.87.98.08.18.28.38.48.58.68.78.88.99.09.1
f1
(ppm)
NN
N N
Ar
Ar
ArNi
N N
NN
Ar
Ar
Ar Ni
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S2 
1 General Information 
 
All chemicals were purchased from Sigma-Aldrich and used without any further purification. 
Solvents were distilled prior to usage. Dichloromethane and chloroform were neutralized with 
K2CO3 before distillation. Thin layer chromatography (TLC) was performed on Merck silica gel 
60 F524, detected by UV-light (254 nm, 366 nm). Column chromatography was performed on 
Macherey-Nagel silica gel 60 M (230-400 mesh, 0.04 –0.063 mm). NMR spectroscopy was 
performed on JEOL JNM EX 400 (1H: 400 MHz, 13C: 101 MHz) and JEOL Alpha 500 (1H: 500 MHz, 
13C: 126 MHz), Bruker Avance 300 (1H: 300 MHz, 13C: 75 MHz) and Bruker Avance 400 (1H: 
400 MHz, 13C: 101 MHz). Deuterated solvents were purchased from Sigma Aldrich and used as 
received. Chemical shifts are referenced to residual protic impurities in the solvents (1H: CHCl3: 
7.24 ppm) or the deuterated solvent itself (13C: CDCl3: 77.0 ppm). The resonance multiplicities 
are indicated as “s“ (singlet), “d” (doublet), “t” (triplet), “q” (quartet) and “m” (multiplet). 
Signals referred to as “bs” (broad singlet) are not clearly resolved or significantly broadened. 
LDI/MALDI-ToF mass spectrometry was performed either on a Shimazu AXIMA Confidence 
(MS) or a Bruker Ultraflex Extreme machine (MS + HRMS). In case of MALDI, the following 
matrix were used: 2,5-dihydroxybenzoic acid (DHB), sinapic acid (SIN) or trans-2-[3-(4-tert-
butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB). High resolution mass 
spectrometry (HRMS) was performed on an ESI/APPI-ToF mass spectrometer Bruker maXis 4G 
UHR MS/MS spectrometer or a Bruker micrOTOF II focus TOF MS-spectrometer. X-ray 
diffraction analysis was conducted on a Super Nova Dual Wavelength Platform diffractometer 
by Agilent Technologies GmbH. Microwave reactions were carried out in a mono-mode 
microwave reactor Biotage Initiator+. The microwave assisted reactions were carried out in 
the fixed hold time mode. UV/Vis spectroscopy was carried out on a Varian Cary 5000 UV-Vis-
NIR spectrometer. Unless otherwise noted, reactions were degassed by the following 
technique: The reaction mixture was sonicated at 25 °C for 1 min under vacuo, followed by a 
purge with N2-gas. This cycle was repeated three times.  
Bis(trifluoroacetoxy)iodo]benzene, used herein for halogenation reactions, was stored under 
N2 atmosphere and used within a couple of weeks after purchase. We found, that older 
samples of bis(trifluoroacetoxy)iodo]benzene were less active in halogenation reactions and 
required excess amounts in order to get complete conversion to the desired products. 
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S3 
2 Synthesis of bis-porphyrin-HBCs via Suzuki reactions 
2.1 Synthesis of ortho-porphyrin-HBC 7Zn 
 
 
Scheme S1. Synthesis of ortho-porphyrin-HBC 7Zn. 
 
Ortho-H-HPB 1 
Tetracyclone 11 (250 mg, 0.41 mmol, 1 equiv.) and diphenylacetylene 12 (73 mg, 0.41 mmol, 
1 equiv.) were dissolved in Ph2O (1.5 mL) and heated in a microwave reactor to 260 °C for 
12 h. The reaction mixture was diluted with little CH2Cl2 and the product was precipitated via 
the addition of MeOH (20 mL). The white solid was filtered off, washed with MeOH until the 
filtrate was colourless and dried in vacuo. The product was obtained in 75.4 % yield (235 mg, 
0.31 mmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 6.85 – 6.76 (m, 18H), 6.66 (d, J = 8.4 Hz, 4H), 6.64 (d, 
J = 8.4 Hz, 4H), 1.08 (s, 18H), 1.07 (s, 18H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 147.6, 147.5, 141.1, 140.8, 140.4, 139.9, 137.9, 137.8, 
131.7, 131.11, 131.07, 126.5, 124.9, 123.2, 123.1, 33.99, 33.97, 31.1. 
MS (MALDI, DCTB): m/z (rel. int.) = 758.51 (M+, 100 %). 
HRMS (APPI, toluene) for C58H62 (M+) calc.: 758.4846, found: 758.4842. 
Ortho-iodo-HPB 13 
t-Bu
t-Bu
t-Bu t-Bu
t-Bu
t-Bu
t-Bu t-Bu
I
I
7Zn
N
N
N
N
Ar
Ar
NN
N N
Ar
Ar
t-Bu
t-Bu
t-Bu t-Bu
Ar
Ar
Zn
Zn
413
O
t-Bu
t-Bu
t-Bu
t-Bu t-Bu
t-Bu
t-Bu t-Bu
1
I
I
t-Bu
t-Bu
t-Bu t-Bu
13
I
I
+
Ar =
t-Bu
t-Bu
Ph2O
260 °C
µW
PIFA
I2
CH2Cl2
FeCl3
CH3NO2
CH2Cl2
70 %
48 %63 %
Pd(PPh3)4
Cs2CO3
toluene/DMF
80 °C
75 %
11
12
10
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S4 
Modified procedure from Mössinger et al.[2] 
Ortho-H-HPB 1 (100 mg, 132 µmol, 1 equiv.), bis(trifluoroacetoxy)iodo]benzene (114 mg, 
264 µmol, 2 equiv.) and I2 (50 mg, 198 µmol, 1.5 equiv.) were dissolved in CH2Cl2 (10 mL) in a 
20 mL vial, sealed with a septum and degassed. The reaction was stirred light-protected at rt 
for 24 h before it was quenched with 10 % Na2S2O3 solution (20 mL). The organic phase was 
extracted with CH2Cl2 (20 mL), washed with brine (20 mL) and dried over Na2SO4. Further 
purification was achieved by silica plug filtration (hexanes/CH2Cl2 – 1:1, Æ 3.5 cm ∙ 7 cm) 
followed by recrystallization from CH2Cl2/MeOH. The product was obtained as a white solid in 
69.7 % yield (93 mg, 92.0 µmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 7.18 (d, J = 8.3 Hz, 4H), 6.82 (d, J = 8.4 Hz, 4H), 6.77 
(d, J = 8.4 Hz, 4H), 6.66 – 6.58 (m, 8H), 6.54 (d, J = 8.4 Hz, 4H), 1.10 (s, 18H), 1.06 (s, 18H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 148.1, 147.7, 141.3, 140.43, 140.39, 138.4, 137.5, 
137.3, 135.9, 133.5, 131.0, 130.9, 123.5, 123.1, 91.1, 34.1, 34.0, 31.11, 31.08. 
MS (MALDI, DHB): m/z (rel. int.) = 1010.35 (M+, 100 %). 
HRMS (MALDI, DCTB) for C58H60I2 (M+) calc.: 1010.2779, found: 1010.2779. 
 
Ortho-iodo-HBC 4 
Ortho-Iodo-HPB 13 (40 mg, 0.40 mmol, 1 equiv.) was dissolved in CH2Cl2 (70 mL) and degassed 
(cannula bubbled N2 through the solution for 20 min). The N2 flow through the solution was 
increased and a solution of dry FeCl3 (193 mg, 1.19 mmol, 30 equiv.) in CH3NO2 (0.70 mL) was 
added via syringe. After 40 min, N2 bubbling through the solution was stopped and the 
reaction mixture was stirred for further 90 min. The reaction was quenched via the addition 
of MeOH (20 mL). The reaction mixture was washed with sat. NaHCO3 (150 mL), H2O (150 mL) 
and dried over MgSO4. The organic solution was concentrated and the product precipitated 
via the addition of MeOH. The product was obtained as a yellow solid in 63.1 % yield (25 mg, 
25 µmol). 
1H NMR (300 MHz, CDCl3/CS2, rt): δ [ppm] = 9.07 (s, 2H), 8.83 (s, 2H), 8.55 (s, 2H), 8.07 (s, 2H), 
7.88 (s, 2H), 7.65 (s, 2H), 2.07 (s, 18H), 1.86 (s, 18H). 
HRMS (MALDI, DCTB) for C58H48I2 (M+) calc.: 998.1840, found: 998.1804. 
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S5 
Ortho-zinc-porphyrin-HBC 7Zn 
Suzuki reaction conditions according to Cho et al.[1] 
Ortho-iodo-HBC 4 (21 mg, 21.0 µmol, 1 equiv.), boronic ester porphyrin 10 (47 mg, 44.1 µmol, 
2.1 equiv.), Cs2CO3 (21 mg, 63.0 µmol, 3 equiv.) and Pd(PPh3)4 (5 mg, 4.2 µmol, 0.2 equiv.) 
were dissolved in toluene (2 mL) and DMF (1 mL) and were degassed. The reaction was heated 
with an oil bath to 80 °C for 19 h. After cooling to rt, the solvent was removed and the product 
purified by silica plug filtration (cyclohexane/CH2Cl2 – 1:1, Æ 3.5 cm ∙ 9 cm). Further 
purification was achieved by size exclusion chromatography (bio-beads SX1, toluene, Æ 4.5 cm 
∙ 50 cm), followed by silica plug filtration (cyclohexane/CH2Cl2 – 3:1, Æ 3.5 cm ∙ 10 cm). The 
product was obtained in 48.2 % yield (26.6 mg, 10.1 µmol). 
1H NMR (500 MHz, CDCl3, rt): δ [ppm] = 10.23 (s, 2H), 10.05 (s, 2H), 9.48 (s, 2H), 9.46 (s, 4H), 
9.38 (s, 2H), 9.08 (d, J = 4.6 Hz, 4H), 8.95 – 8.89 (m, 20H), 8.10 (t, J = 1.7 Hz, 3H), 8.05 (t, 
J = 1.7 Hz, 6H), 7.93 (t, J = 1.7 Hz, 3H), 7.90 (t, J = 1.7 Hz, 6H), 7.74 (t, J = 1.8 Hz, 3H), 7.71 (t, 
J = 1.8 Hz, 6H), 1.93 (s, 18H), 1.65 (s, 18H), 1.51 (s, 18H), 1.48 (s, 36H), 1.43 (s, 18H), 1.37 (s, 
36H). 
13C NMR (126 MHz, CDCl3, rt): δ [ppm] = 150.5, 150.4, 150.32, 150.29, 149.6, 149.4, 148.41, 
148.39, 148.36, 141.74, 141.66, 132.4, 132.13, 132.09, 130.79, 130.75, 130.6, 129.6, 129.52, 
129.48, 129.4, 129.1, 129.0, 128.8, 128.2, 127.9, 127.4, 125.9, 125.3, 124.6, 124.2, 122.6, 
121.4, 121.32, 121.26, 120.7, 120.5, 119.8, 119.5, 119.2, 119.1, 35.9, 35.8, 35.02, 34.97, 34.95, 
34.9, 32.1, 31.8, 31.71, 31.68, 31.66, 26.9. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 357 (94600), 428 (626000), 557 (34800), 596 (13700). 
UV/Vis (CH2Cl2): λ [nm] (ε [M-1cm-1]) = 357 (94200), 424 (531000), 435 (283 000, shoulder), 
550 (35000), 589 (9200). 
Fluorescence (THF):   λexc. [nm] = 357, λemission [nm] (rel. int.) = 602 (0.21), 655 (0.19). 
    λexc. [nm] = 428, λemission [nm] (rel. int.) = 604 (1.00), 654 (0.89). 
Fluorescence (CH2Cl2):  λexc. [nm] = 357, λemission [nm] (rel. int.) = 600 (0.25), 648 (0.27). 
    λexc. [nm] = 424, λemission [nm] (rel. int.) = 599 (0.99), 648 (1.00). 
MS (MALDI, DCTB): m/z (rel. int.) = 2621 (MH+, 100 %). 
HRMS (APPI, toluene) for C182H190N8Zn2 (M+) calc.: 2619.3732, found:2619.3789. 
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S6 
Ortho-free-base-porphyrin-HBC 7FB 
Ortho-zinc-porphyrin-HBC 7Zn (11.9 mg, 
4.54 µmol) was dissolved in CHCl3 (5 mL) and 
trifluoroacetic acid (50 µL). The reaction was 
stirred for 60 min at rt before the acid was 
quenched with NEt3 (0.5 mL). The solution was 
poured over a plug of silica (hexanes/CH2Cl2 1:1, 
Æ 3.5 cm ∙ 9 cm). The product was obtained in 
93.6 % yield (10.6 mg, 4.25 µmol). 
 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 10.16 (s, 2H, H-14), 10.12 (s, 2H, H-16), 9.46 (s, 2H, 
H-2/4/8), 9.44 (s, 4H, H-2/4/8), 9.34 (s, 2H, H-10), 8.99 (d, J = 4.4 Hz, 4H, H-24), 8.81 (m, 12H, 
H-25, H-35, H-36), 8.07 (t, J = 1.6 Hz, 2H, H-40/44), 8.03 (t, J = 1.6 Hz, 4H, H-29/33), 7.93 (t, 
J = 1.6 Hz, 2H, H-40/44), 7.88 (t, J = 1.6 Hz, 4H, H-29/33), 7.73 (t, J = 1.8 Hz, 2H, H-42), 7.69 (t, 
J = 1.8 Hz, 4H, H-31), 1.90 (s, 18H, t1), 1.62 (s, 18H, t2), 1.49 (s, 18H, t5/t6), 1.46 (s, 36H, t3/t4), 
1.42 (s, 18H, t5/t6), 1.34 (s, 36H, t3/t4). 
13C NMR (126 MHz, CDCl3, rt): δ [ppm] = 149.7 (C-9), 149.6 (C-3), 148.6 (C-30, C-32, C-41, C-
43), 141.4, 141.3, 141.2, 131.3, 131.1, 130.9, 130.8, 130.6, 130.2, 129.8 (C-29, C-33, C-40, C-
44), 129.7 (C-29, C-33, C-40, C-44), 129.3, 129.0, 127.9 (C-14, C-16), 127.2, 126.0, 124.7, 124.2, 
123.3, 121.60, 121.56, 121.5, 121.4, 121.3, 120.9 (C-31, C-42), 119.8 (C-10), 119.6, 119.4, 
119.3 (C-2, C-4, C-8), 118.9, 35.8 (t1’), 35.7 (t2’), 35.0, 34.93, 34.85, 32.1 (t1), 31.69 (t2), 31.65, 
31.62, 31.59. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 357 (121000), 420 (559000), 515 (36600), 550 (16600), 
591 (9600), 648 (7700). 
MS (LDI): m/z (rel. int.) = 2494 (M+, 100 %). 
HRMS (APPI, toluene) for C182H194N8 (M+) calc.: 2493.5488, found: 2493.5545. 
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S7 
2.2 Synthesis of meta-porphyrin-HBC 8Zn 
 
Scheme S2. Synthesis of meta-porphyrin-HBC 8Zn. 
 
Meta-H-HPB 2 
Prepared according to Lungerich et al.[3] 
Meta-HPB 2 was prepared according to the FpNA (“functionalization of para-nitroaniline”) 
approach, which is based on a selective, stepwise construction of HPBs starting from para-
nitroaniline.  
 
Meta-iodo-HPB 15 
Prepared according to Lungerich et al.[3] 
Meta-H-HPB 2 (150 mg, 0.198 mmol, 1 equiv.) was dissolved in CH2Cl2 (9 mL) and degassed. 
[Bis(trifluoroacetoxy)iodo]benzene (95 mg, 0.221 mmol, 1.1 equiv.) and iodine (55 mg, 
0.217 mmol, 1.1 equiv.) were added. The mixture was stirred for 20 h at rt and under light 
exclusion. The reaction mixture was washed with 10 % Na2S2O3 solution (20 mL), brine 
(20 mL), water (20 mL) and dried over Na2SO4. After removal of the solvent, the residue was 
dissolved in CH2Cl2 (5 mL) and the product precipitated with MeOH (50 mL). The solid was 
filtered off and washed with cold MeOH (3 x 5 mL). The product was obtained as a white solid 
in 60.6 % yield (121 mg, 0.120 mmol). 
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S8 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 7.14 (d, J = 8.4 Hz, 4H), 6.89 (d, J = 8.5 Hz, 2H), 6.84 
(d, J = 8.5 Hz, 4H), 6.78 (d, J = 8.5 Hz, 2H), 6.65 (d, J = 8.3 Hz, 6H), 6.59 (d, J = 8.4 Hz, 2H), 
6.54 (d, J = 8.4 Hz, 4H), 1.15 (s, 9H), 1.11 (s, 18H), 1.07 (s, 9H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 148.5, 148.1, 147.7, 141.2, 140.63, 140.57, 139.8, 
139.1, 137.5, 137.3, 137.1, 135.6, 133.5, 131.03, 130.97, 130.9, 123.8, 123.54, 123.48, 123.1, 
90.7, 34.2, 34.1, 34.0, 31.2, 31.1. 
MS (MALDI, DHB): m/z (rel. int.) = 1010 (M+, 100 %). 
HRMS (APPI, toluene) for C58H60I2 calc.: 1010.2779, found: 1010.2776. 
 
Meta-iodo-HBC 5 
Prepared according to Lungerich et al.[3] 
A 50 mL Schlenk tube was filled with meta-iodo-HPB 15 (25 mg, 24.7 μmol, 1 equiv.), CH2Cl2 
(25 mL) and sealed with a rubber septum. The solution was cooled with an ice bath (0 °C) and 
degassed (cannula bubbled N2 through the solution for 15 min). The N2 flow through the 
solution was increased and a solution of dry FeCl3 (130 mg, 0.80 mmol, 32 equiv.) in CH3NO2 
(360 μl) was added via syringe. After 15 min, N2 bubbling through the solution was stopped 
and the reaction mixture was stirred for 18 h (ice bath slowly warmed to rt). MeOH (10 mL) 
was added and the solvent was removed under reduced pressure. The residue was poured 
over a plug of silica (hexanes/CH2Cl2  – 1:1, Æ 3.5 cm ∙ 10 cm) and the product was obtained 
as a yellow solid in 77 % yield (19 mg, 19.0 μmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.04 (s, 2H), 8.95 (s, 2H), 8.66 (s, 2H), 8.63 (s, 2H), 
8.49 (s, 2H), 8.17 (s, 2H), 2.01 (s, 9H), 1.95 (s, 18H), 1.72 (s, 9H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 148.23, 148.20, 147.8, 131.1, 131.0, 129.8, 129.6, 
129.3, 129.2, 128.2, 127.3, 123.0, 122.5, 122.3, 121.7, 119.3, 119.1, 119.0, 118.9, 118.7, 118.5, 
118.1, 93.5, 35.9, 35.8, 35.4, 32.3, 32.2, 32.1. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 362 (160200), 392 (45100). 
MS (MALDI, DCTB): m/z (rel. int.) = 998 (M+, 100 %). 
HRMS (APPI, toluene) for C58H48I2 (M+) calc.: 998.1840, found: 998.1830. 
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S9 
Meta-zinc-porphyrin-HBC 8Zn 
Suzuki reaction conditions according to Cho et al.[1] 
Meta-iodo-HBC 5 (21 mg, 21.0 µmol, 1 equiv.), 
boronic ester porphyrin 10 (47 mg, 44.1 µmol, 
2.1 equiv.), Cs2CO3 (21 mg, 63.0 µmol, 3 equiv.) and 
Pd(PPh3)4 (5 mg, 4.2 µmol, 0.2 equiv.) were 
dissolved in toluene (2 mL) and DMF (1 mL) and 
were degassed. The reaction was heated with an oil 
bath to 80 °C for 15 h. The solvent was removed 
and the product purified by column chromatography (SiO2, hexanes/CH2Cl2 – 2:1, Æ 5 cm ∙ 
29 cm). Further purification was achieved by size exclusion chromatography (bio-beads SX1, 
toluene, Æ 4.5 cm ∙ 50 cm), followed by silica plug filtration (hexanes/CH2Cl2 – 2:1, Æ 3.5 cm ∙ 
10 cm). The product was obtained in 51.0 % yield (28 mg, 10.7 µmol). 
1H NMR (500 MHz, CDCl3, rt): δ [ppm] = 10.20 (s, 2H, H12/14), 10.18 (s, 2H, H12/14), 9.43 (s, 
4H), 9.36 (s, 2H), 9.34 (s, 2H), 9.21 (d, J = 4.7 Hz, 4H, H-26), 9.10 (d, J = 4.7 Hz, 4H, H-27), 9.08 
(s, 8H, H-37, H-38), 8.20 – 8.13 (m, 12H, H-31, H-35, H-42, H-46), 7.81 (t, J = 1.8 Hz, 2H, H-44), 
7.78 (t, J = 1.8 Hz, 4H, H-33), 1.88 (s, 9H, t1), 1.64 (s, 18H, t2), 1.56 (s, 18H, t6/t7), 1.55 (s, 18H, 
t6/t7), 1.52 (s, 36H, t4/t5), 1.50 (s, 36H, t4/t5), 1.36 (s, 9H, t3). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 150.9 (C-a), 150.8 (C-a), 150.73 (C-a), 150.68 (C-a), 
149.9 (C-19), 149.8 (C-7), 149.5 (C-1), 148.7 (C-32, C-34, C-43, C-45), 141.92, 141.87, 141.6, 
132.7 (C-b), 132.5 (C-b), 132.4 (C-b), 130.9 (C-31, C-35), 130.8 (C-42, C-46), 130.7, 130.6, 
129.81, 129.76, 129.24, 129.22, 127.7 (C-12, C-14), 125.6, 125.1, 124.6, 124.3, 122.9 (C-29, C-
40), 121.71, 121.66, 121.2, 121.1 (C-24), 120.9 (C-33, C-44), 120.1, 119.8, 119.5, 119.3, 35.8 
(t1'), 35.7 (t2'), 35.6 (t3'), 35.04 (t6', t7'), 35.00 (t4', t5'), 32.0 (t1), 31.9 (t2), 31.8 (t6, t7), 31.71 
(t4/t5), 31.70 (t4/t5). 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 357 (97900), 428 (636000), 437 (558000), 558 (39200), 
597 (15100). 
UV/Vis (CH2Cl2): λ [nm] (ε [M-1cm-1]) = 357 (92000), 425 (500000), 433 (407000, shoulder), 
551 (36200), 589 (10200). 
Fluorescence (THF):   λexc. [nm] = 357, λemission [nm] (rel. int.) = 603 (0.21), 654 (0.18). 
    λexc. [nm] = 428, λemission [nm] (rel. int.) = 604 (0.95), 656 (0.82). 
    λexc. [nm] = 437, λemission [nm] (rel. int.) = 604 (1.00), 656 (0.85). 
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Fluorescence (CH2Cl2):  λexc. [nm] = 357, λemission [nm] (rel. int.) = 600 (0.28), 647 (0.27). 
    λexc. [nm] = 425, λemission [nm] (rel. int.) = 600 (1.00), 649 (0.95). 
    λexc. [nm] = 434, λemission [nm] (rel. int.) = 601 (0.99), 650 (0.93). 
MS (MALDI, DCTB): m/z (rel. int.) = 2619.41 (M+, 100 %). 
HRMS (APPI, toluene) for C182H190N8Zn2 (MH+) calc.: 2620.3796, found: 2620.3747. 
 
Meta-free-base-porphyrin-HBC 8FB 
Meta-zinc-porphyrin-HBC 8Zn (7.0 mg, 2.68 µmol) was dissolved in CHCl3 (10 mL) and 
trifluoroacetic acid (0.1 mL). The reaction was stirred for 80 min at rt before the acid was 
quenched with NEt3 (1.0 mL). The solution was poured over a plug of silica (CH2Cl2, 
Æ 3.5 cm ∙ 10 cm). The product was obtained in 95.5 % yield (6.4 mg, 2.56 µmol). 
1H NMR (500 MHz, CDCl3, rt): δ [ppm] = 10.21 (s, 2H), 10.19 (s, 2H), 9.44 (s, 4H), 9.38 (s, 2H), 
9.36 (s, 2H), 9.13 (d, J = 4.9 Hz, 4H), 8.01 - 8.98 (m, 12), 8.18 - 8.16 (m, 12H), 7.83 (t, J = 1.5 Hz, 
2H), 7.78 (t, J = 1.5 Hz, 4H,), 1.89 (s, 9H), 1.65 (s, 18H), 1.56 (s, 18H), 1.55 (s, 18H), 1.52 (s, 
36H), 1.51 (s, 36H), 1.39 (s, 9H), -2.43 (s, 4H). 
13C NMR (126 MHz, CDCl3, rt): δ [ppm] = 149.9, 149.8, 149.5, 148.83, 148.78, 141.4, 141.3, 
141.1, 131.3, 131.1, 130.9, 130.8, 130.6, 130.5, 130.2, 130.0, 129.8, 129.31, 129.28, 127.8, 
127.2, 125.6, 125.1, 124.6, 121.9, 121.8, 121.70, 121.67, 121.2, 121.1, 121.0, 120.1, 119.9, 
119.8, 119.5, 119.2, 35.8, 35.74, 35.65, 35.04, 35.01, 32.0, 31.9, 31.74, 31.69, 29.7. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 357 (115000), 422 (523000), 431 (412000), 516 (38000), 
551 (18400), 592 (10000), 648 (7900). 
MS (LDI): m/z (rel. int.) = 2495 (MH+, 100 %). 
HRMS (APPI, CH2Cl2/CH3CN) for C182H194N8 (MH+) calc.: 2494.5566, found: 2494.5597. 
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2.3 Synthesis of para-porphyrin-HBC 9Zn 
 
 
Scheme S3. Synthesis of para-porphyrin-HBC 9Zn. 
 
Para-H-HPB 3 
A 5 mL microwave vial was charged with tetracyclone 16 (250 mg, 0.503 mmol, 1 equiv.), 
tolan 17 (146 mg, 0.503 mmol, equiv.) and Ph2O (1.5 mL). The mixture was heated for 12 h at 
260 °C in the microwave reactor. The crude product was diluted with CH2Cl2 and precipitated 
with MeOH (50 mL). The precipitate was filtered off, washed with MeOH (3 x 5 mL) and dried 
in vacuo. The product was obtained as a white solid in 91.1 % yield (348 mg, 0.458 mmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 6.82 - 6.78 (m, 18H), 6.65 (d, J = 8.3 Hz, 8H), 1.08 (s, 
36H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 147.6, 141.0, 140.5, 140.1, 137.9, 131.7, 131.1, 126.4, 
124.9, 123.2, 34.0, 31.1. 
MS (MALDI, DHB): m/z (rel. int.) = 759 (M+, 100 %). 
HRMS (APPI, toluene) for C58H62 (M+) calc.: 758.4846, found: 758.4845. 
 
Para-iodo-HPB 18 
Prepared according to Lungerich et al.[3] 
Para-H-HPB 3 (150 mg, 0.198 mmol, 1 equiv.) was dissolved in CHCl3 (9 mL) and degassed. 
[Bis(trifluoroacetoxy)iodo]benzene (95 mg, 0.221 mmol, 1.1 equiv.) and iodine (55 mg, 
0.217 mmol, 1.1 equiv.) were added and the mixture was stirred for 20 h at rt and under light 
exclusion. The reaction mixture was washed with 10 % Na2S2O3 solution (20 mL), brine 
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(20 mL), water (20 mL) and dried over Na2SO4. After removal of the solvent, the residue was 
dissolved in CH2Cl2 (10 mL) and the product precipitated with MeOH (50 mL). The solid was 
filtered off and washed with 3 x 5 mL MeOH. The product was obtained as a white solid in 
75.8 % yield (152 mg, 0.150 mmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 7.15 (d, J = 8.4 Hz, 4H), 6.83 (d, J = 8.4 Hz, 8H), 6.62 
(d, J = 8.4 Hz, 8H), 6.55 (d, J = 8.4 Hz, 4H), 1,11 (s, 36H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 148.1, 140.6, 140.5, 139.2, 137.3, 135.6, 133.5, 131.1, 
131.0, 123.5, 123.4, 90.8, 34.1, 31.1. 
MS (MALDI, DHB): m/z (rel. int.) = 1010 (M+, 100 %). 
HRMS (APPI, CH2Cl2/CH3CN) for C58H60I2 (M+) calc.: 1010.2779, found: 1010.2771. 
 
Para-iodo-HBC 6 
Modified procedure from Diez-Perez et al.[4] 
Para-iodo-HPB 18 (33 mg, 32.6 μmol, 1 equiv.) was dissolved in CH2Cl2 (70 mL) and degassed 
via bubbling N2 through the solution for 20 min. A solution of dry FeCl3 (159 mg, 978 μmol, 
30 equiv.) in CH3NO2 (0.5 mL) was added and the N2 bubbling was maintained for further 
30 min. The reaction was stirred for 3 h at rt, quenched via the addition of MeOH (20 mL), 
washed with sat. NaHCO3 (100 mL) and brine (20 mL). The organic phase was dried over 
MgSO4. Recrystallization from CH2Cl2/MeOH gave the product in 76.7 % yield (25 mg, 
25 μmol). 
1H NMR (400 MHz, CDCl3/CS2, rt): δ [ppm] = 8.94 (s, 4H), 8.71 (s, 4H), 8.52 (s, 4H), 1.93 (s, 
36 H). 
13C NMR (75 MHz, CDCl3/CS2, rt): δ [ppm] 147.9, 131.4, 129.5, 129.0, 128.0, 123.1, 122.2, 
119.0, 118.7, 93.6, 35.4, 32.1. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 362 (29300), 393 (10400). 
MS (LDI) m/z (rel. int.) = 998 (M+, 100 %). 
HRMS (APPI, toluene) for C58H48I2 (M+) calc.: 998.1840, found: 998.1845. 
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Para-zinc-porphyrin-HBC 9Zn 
Suzuki reaction conditions according to Cho et al.[1] 
A 20 mL vial was charged with para-iodo-
HBC 6 (21 mg, 21.0 μmol, 1 equiv.), boronic-
ester-porphyrin 10 (47 mg, 44.1 μmol, 
2.1 equiv.), Cs2CO3 (21 mg, 63.0 μmol, 
3 equiv.), Pd(PPh3)4 (5 mg, 4.2 μmol, 
0.2 equiv.), toluene (2 mL) and DMF (1 mL). 
The vial was sealed with a rubber septum, 
degassed and heated with an oil bath to 80 °C for 18 h. The solvent was removed under 
reduced pressure and the residue was poured over a plug of silica (cyclohexane/CH2Cl2 – 1:1, 
Æ 3.5 cm ∙ 10 cm). Further purification was achieved by size exclusion chromatography (bio-
beads SX1, toluene, Æ 4.5 cm ∙ 50 cm), followed by silica plug filtration (cyclohexane/CH2Cl2 – 
2:1, Æ 3.5 cm ∙ 10 cm). The product was obtained in 48.6 % yield (26.7 mg, 10.2 μmol). 
1H NMR (500 MHz, CDCl3, rt): δ [ppm] = 10.21 (s, 4H, H-8), 9.41 (s, 4H, H2/4), 9.37 (s, 4H, 
H2/4), 9.23 (d, J = 4.6 Hz, 4H, H-15), 9.12 (d, J = 4.6 Hz, 4H, H-16), 9.10 (s, 8H, H-24, H-25), 8.19 
(d, J = 1.9 Hz, 8H, H-20), 8.18 (d, J = 1.6 Hz, 4H, H-29), 7.84 (t, J = 1.8 Hz, 2H, H-31), 7.80 (t, J = 
1.8 Hz, 4H, H-22), 1.63 (s, 36H, t1), 1.57 (s, 36H, t3), 1.53 (s, 72H, t2). 
13C NMR (126 MHz, CDCl3, rt): δ [ppm] = 150.74 (C-a), 150.68 (C-a), 150.62 (C-a), 150.57 
(C-a), 149.6 (C-3), 148.6 (C-21, C-30), 141.82, 141.77 (C-19), 141.6, 132.6 (C-b), 132.39 (C-b), 
132.35 (C-b), 130.7 (C-5/7), 130.5 (C-5/7), 129.8 (C-20), 129.7 (C-29), 129.2 (C-1), 127.6 (C-8), 
125.5 (C-10), 124.6 (C-6), 122.87 (C-18, C-27), 122.85, 121.4, 121.2, 121.0, 120.9 (C-22, C31), 
119.8 (C-2/4), 119.4 (C-2/4), 35.8 (t1'), 35.10 (t3'), 35.06 (t2'), 31.9 (t1), 31.81 (t3), 31.76 (t2). 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 357 (100000), 428 (578000), 437 (746000), 558 (44100), 
597 (17000). 
UV/Vis (CH2Cl2): λ [nm] (ε [M-1cm-1]) = 357 (95100), 426 (459000), 435 (465000), 551 (38500), 
589 (11100). 
Fluorescence (THF):   λexc. [nm] = 357, λemission [nm] (rel. int.) = 605 (0.23), 656 (0.19). 
    λexc. [nm] = 428, λemission [nm] (rel. int.) = 604 (0.92), 655 (0.76). 
    λexc. [nm] = 437, λemission [nm] (rel. int.) = 604 (1.00), 656 (0.83). 
Fluorescence (CH2Cl2):  λexc. [nm] = 357, λemission [nm] (rel. int.) = 600 (0.30), 647 (0.29). 
    λexc. [nm] = 426, λemission [nm] (rel. int.) = 601 (0.94), 649 (0.86). 
    λexc. [nm] = 435, λemission [nm] (rel. int.) = 600 (1.00), 650 (0.92). 
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MS (LDI): m/z (rel. int.) = 2618 (M+, 100 %). 
HRMS (ESI, CH3CN/CH3OH) for C182H190N8Zn2 (M+) calc.: 2619.3732, found: 2619.3673. 
 
Para free-base-porphyrin-HBC 9FB 
Para-zinc-porphyrin-HBC 9Zn (10 mg, 3.8 μmol) was dissolved in CHCl3 (5 mL), trifluoroacetic 
acid (50 μl, 0.66 mmol) was added and the mixture stirred for 1 h at rt. The acid was quenched 
with NEt3 (0.5 mL, 3.6 mmol) and the mixture poured over a plug of silica (CH2Cl2). The product 
was obtained as a red-brown solid in 84 % yield (8 mg, 3.2 μmol). 
1H NMR (500 MHz, CDCl3, rt): δ [ppm] = 10.19 (s, 4H), 9.40 (s, 4H), 9.36 (s, 4H), 9.11 (d, 
J = 4.6 Hz, 4H), 9.00 - 8.97 (m, 12H), 8.17 (d, J = 1.9 Hz, 8H), 8.15 (d, J = 1.8 Hz, 4H), 7.82 (t, J = 
1.7 Hz, 2H), 7.78 (t, J = 1.7 Hz, 4H), 1.61 (s, 36H), 1.55 (s, 36H), 1.51 (s, 72 H), -2.44 (s, 4H). 
13C NMR (126 MHz, CDCl3, rt): δ [ppm] = 149.7, 148.9, 148.8, 141.4, 141.3, 141.1, 131.6 (bs), 
130.8, 130.5, 130.0, 129.8, 129.4, 127.8, 127.0, 126.8, 125.6, 124.6, 121.9, 121.8, 121.4, 121.2, 
121.1, 119.9, 119.5, 35.7, 35.1, 35.0, 31.9, 31.8, 31.7. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 357 (118000), 422 (463000), 432 (476000), 516 (39500), 
551 (19200), 592 (10500), 648 (8400). 
MS (MALDI, DCTB): m/z (rel. int.) = 2493 (M+, 100 %). 
HRMS (APPI, toluene) for C182H194N8 (M+) calc.: 2493.5488, found: 2493.5551. 
 
2.4 Synthesis of boronic-ester porphyrin 10 
 
Scheme S4. Synthesis of boronic-ester-porphyrin 10. 
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Meso-free-porphyrin 22 
Modified procedure from Cho et al.[1] 
Dipyrromethane[5] (0.88 g, 6.00 mmol, 1 equiv.), 3,5 di-tert-butylphenyl-dipyrromethane[6] 
(2.00 g, 6.0 mmol, 1 equiv.) and 3,5 di-tert-butylbenzaldehyde (2.62 g, 12.00 mmol, 2 equiv.) 
were dissolved in CH2Cl2 (2 L) and degassed for 15 min (bubbling N2 through the solution). 
Trifluoroacetic acid (0.60 mL, 7.50 mmol, 1.25 equiv.) was added and the reaction was stirred 
for 2 h at rt under the exclusion of light. para-Chloranil (4.43 g, 18 mmol, 3 equiv.) was added 
and the mixture was stirred for further 1 h under air. The acid was quenched via the addition 
of NEt3 (10 mL), the solvent was removed and the crude purified by silica plug filtration (SiO2, 
hexanes/CH2Cl2 – 1:1, Æ 13 cm). The three different porphyrins were separated by column 
chromatography (SiO2, hexanes/CH2Cl2 – 3:1, Æ 10 cm ∙ 33 cm). The second fraction was 
identified as the desired product and obtained in 16.5 % yield (864 mg, 0.99 mmol). The 
byproducts 5,10,15,20-tetrakis(3,5-di-tert-butylphenyl)porphyrin and 5,15-bis(3,5-di-tert-
butylphenyl)-porphyrin were obtained in 5.4 % (346 mg, 0.33 mmol) and 9.6 % (397 mg, 
0.58 mmol) yield, respectively. 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 10.21 (s, 1H), 9.35 (d, J = 4.6 Hz, 2H), 9.08 (d, J = 
4.6 Hz, 2H), 8.98 (d, J = 4.8 Hz, 2H), 8.94 (d, J = 4.8 Hz, 2H), 8.14 (d, J = 1.8 Hz, 4H), 8.09 (d, J = 
1.8 Hz, 2H), 7.83 (t, J = 1.8 Hz, 2H), 7.81 (t, J = 1.8 Hz, 1H), 1.56 (s, 36H), 1.53 (s, 18H), -2.88 (s, 
2H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 148.9, 148.5, 141.8, 140.9, 131.7, 131.6, 131.0, 130.8, 
129.9, 129.6, 121.9, 121.01, 120.98, 120.9, 104.4, 35.1, 35.0, 31.8, 31.7. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 413 (443000), 508 (18900), 542 (7100), 585 (5500), 640 
(3000). 
MS (LDI): m/z (rel. int.) = 876 (M+, 100 %). 
HRMS (APPI, toluene) for C62H74N4 (M+) calc.: 874.5908, found: 874.5903. 
 
Meso-free-zinc-porphyrin 23 
Free-base porphyrin 22 (243 mg, 0.28 mmol) was dissolved in CHCl3 (25 mL), a saturated 
solution of Zn(OAc)2 . 2 H2O in MeOH (10 mL) was added and the mixture was stirred under 
light exclusion for 18 h at rt. The solvent was removed under reduced pressure and the excess 
zinc salt removed by silica plug filtration (CH2Cl2). The product was obtained in 97 % yield 
(253 mg, 0.27 mmol). 
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1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 10.27 (s, 1H), 9.43 (d, J = 4.5 Hz, 2H), 9.17 (d, J = 
4.5 Hz, 2H), 9.07 (d, J = 4.6 Hz, 2H), 9.05 (d, J = 4.7 Hz, 2H), 8.13 (d, J = 1.7 Hz, 4H), 8.10 (d, J = 
1.7 Hz, 2H), 7.82 (t, J = 1.6 Hz, 2H), 7.79 (t, J = 1.6 Hz, 1H), 1.55 (s, 36H), 1.52 (s, 18H). 
13C-NMR (101 MHz, CDCl3, rt): δ [ppm] = 150.5, 150.1, 150.0, 148.7, 148.6, 142.0, 141.8, 133.0, 
132.3, 132.1, 131.6, 129.8, 129.7, 123.0, 122.0, 120.9, 105.7, 35.0, 35.0, 31.73, 31.70. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 419 (627000), 550 (21400), 589 (5000). 
MS (MALDI, SIN): m/z (rel. int.) = 937 (M+, 100 %). 
 
Bromo-porphyrin 24 
Modified procedure from Maeda et al.[7] 
N-bromosuccinimide (43 mg, 240 μmol, 1 equiv.), dissolved in CHCl3 (5 mL), was added slowly 
at rt to a solution of porphyrin 23 (225 mg, 240 μmol, 1 equiv.) in CHCl3 (15 mL) and pyridine 
(340 μl). The mixture was stirred for 15 min at rt before the reaction was quenched with 
acetone (5 mL). Organic solvents were removed and the residue was purified by silica plug 
filtration (hexanes/CH2Cl2 - 2:1). The product was obtained in 96 % yield (234 mg, 230 µmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.77 (d, J = 4.7 Hz, 2H), 9.05 (d, J = 4.7 Hz, 2H), 8.96 
(s, 4H), 8.07 (d, J = 1.8 Hz, 4H), 8.05 (d, J = 1.8 Hz, 2H), 7.81 (t, J = 1.8 Hz, 2H), 7.78 (t, J = 1.8 Hz, 
1H), 1.54 (s, 36H), 1.51 (s, 18H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 150.9, 150.8, 150.7, 149.6, 148.64, 148.61, 141.6, 
141.5, 133.5, 132.6, 132.5, 129.7, 129.5, 123.3, 123.0, 121.0, 120.9, 104.1, 35.1, 35.0, 31.8, 
31.7. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 427 (564000), 561 (20000), 601 (10200). 
MS (LDI): m/z (rel. int.) = 1017 (M+, 100 %). 
HRMS (APPI, toluene) for C62H71BrN4Zn (M+) calc.: 1016.4129, found: 1016.4136. 
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Boronic-ester-porphyrin 10 
Modified procedure from Cho et al.[1] 
Bromo-porphyrin 24 (204 mg, 200 μmol, 1 equiv.), Pd(PPh3)2Cl2 (7 mg, 10 μmol, 0.05 equiv.) 
and NEt3 (0.50 mL) were dissolved in dry 1,2 dichloroethane (25 mL) in a pressure vial. The 
reaction mixture was degassed. Pinacolborane (242 μl, 213 mg, 1.67 mmol, 8.35 equiv.) was 
added and the pressure vial was sealed. The reaction mixture was stirred for 2.5 h at 90 °C 
under exclusion of light. The solvent was removed and the crude product purified by column 
chromatography (SiO2, hexanes/CH2Cl2 - 2:1). The product could be obtained as a red solid in 
87.0 % yield (185 mg, 174 μmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.91 (d, J = 4.7 Hz, 2H), 9.11 (d, J = 4.7 Hz, 2H), 9.01 
(d, J = 4.6 Hz, 2H), 9.00 (d, J = 4.6 Hz, 2H), 8.09 (d, J = 1.8 Hz, 4H), 8.07 (d, J = 1.8 Hz, 2H), 7.80 
(t, J = 1.7 Hz, 2H), 7.77 (t, J = 1.8 Hz, 1H), 1.85 (s, 12H), 1.53 (s, 36H), 1.50 (s, 18H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 154.4, 150.7, 150.3, 149.6, 148.61, 148.57, 142.0, 
141.9, 133.4, 132.6, 132. 5, 131.7, 129.7, 129.6, 124.1, 122.3, 120.9, 120.8, 85.2, 35.02, 31.8, 
31.7, 25.3. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 423 (563000), 554 (20400), 595 (4900). 
MS (LDI): m/z (rel. int.) = 1063 (M+, 100 %). 
HRMS (APPI, toluene) for C68H83BN4O2Zn calc.: 1062.5906, found: 1062.5903. 
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2.5 Synthesis of tetracyclones 
The synthesis of tetracyclones 11, 16 is already known in the literature.[8] Herein, we like to 
present an optimized synthetic procedure. 
 
 
Scheme S5. Synthesis of tetracyclones 11 and 16. 
 
1,3-bis(4-tert-butylphenyl)acetone 26 
Modified procedure from Romer.[9] 
A 100 mL Schlenk flask, equipped with a dropping funnel, was charged with NaH (60% in 
mineral oil) (4.30 g, 106 mmol, 1.1 equiv.) and toluene (22 mL). Methyl-2-(4-(tert-
butyl)phenyl)acetate 25 (20.0 g, 20 mL, 97.0 mmol, 1 equiv.) was added to the mixture via a 
dropping funnel at rt over a period of 1 h. A constant flow of N2 was applied during the addition 
in order to dilute generated H2 gas. The dropping funnel was replaced by a condenser and the 
mixture was heated to 75 °C with a heat-on attachment while the N2 flow was maintained. 
Depending on the N2 flow strength, further toluene (10 - 25 mL) may be added. After 1.5 h of 
heating TLC (hexanes/CH2Cl2 – 2:1) showed complete conversion of the starting material. The 
reaction mixture was cooled with a NaCl-ice-bath to <5 °C. A solution of HCl (15 mL HCl conc. 
+ 5 mL H2O) was prepared and cooled in a NaCl-ice-bath as well. The cold reaction mixture 
was added dropwise (via Pasteur pipette) to the cold HCl solution over a period of 90 min 
under vigorous stirring. Important: The temperature of the HCl solution was kept under 10 °C 
at any time of the addition. After complete addition, the toluene was removed under reduced 
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pressure (rotary evaporator, water temperature 50 °C). 16 mL of a solution of AcOH/HCl/H2O 
- 8/4/4 was added to the mixture and it was stirred under reflux (heat-on at 130 °C) overnight. 
The mixture was cooled to 65 °C, warm hexanes (30 mL) was added and stirred for 10 min. 
The organic phase was separated, washed with warm H2O (2 × 20 mL), decanted into a beaker 
and cooled to 4 °C in the fridge for 2 h. The precipitate was collected, washed with little cold 
hexanes and dried under vacuum. The product was obtained as a white solid in 46.7 % yield 
(7.29 g, 22.6 mmol). Further 0.65 g (2.02 mmol, 4.2 %) of the product were crystalized out of 
the filtrate solution at 4 °C over 3 d. 
The experiment was repeated two more times and yields of 64.0 % and 70.0 %, respectively, 
were obtained. 
1H NMR (300 MHz, CDCl3, rt): δ [ppm] = 7.32 (d, J = 8.4 Hz, 4H), 7.08 (d, J = 8.5 Hz, 4H), 3.67 
(s, 4H), 1.30 (s, 18H). 
13C NMR (76 MHz, CDCl3, rt): δ [ppm] = 206.2, 149.9, 131.0, 129.1, 125.6, 48.6, 34.4, 31.3. 
 
4,4’-di-tert-butylbenzil 30 
Optimized procedure from Reger et al.[10] 
A 250 mL Schlenk flask, equipped with a reflux condenser and a dropping funnel, was charged 
with Mg-chippings (1.43 g, 59.0 mmol, 2.1 equiv.). The apparatus was flame dried under 
vacuum (3x). Dry THF (30 mL) was added to the flask. The dropping funnel was charged with 
4-tert-butylbromobenzene (12.0 g, 9.76 mL, 56.2 mmol, 2 equiv.), 1,2-dibromoethane 
(110 mg, 50.5 µL, 0.56 mmol, 0.2 equiv.) and dry THF (15 mL). One third of the 4-tert-
butylbromobenzene solution was added fast to the Mg/THF mixture. If the Grignard reaction 
does not start (visible as bubbles were formed and the solution warmed up), external heating 
might be necessary. The rest of the solution was added dropwise. After complete addition, 
the reaction was stirred for 2.5 h at 55 °C with a heat-on attachment. 1,4-dimethylpiperazine-
2,3-dione 29[11] (4.00 g, 28.1 mmol, 1 equiv.) was added to the solution and stirred for another 
2 h at 55 °C. After cooling to rt, the reaction mixture was poured onto ice-cold 1 M aq. HCl 
(100 mL) and stirred for 1.5 h at rt. The phases were separated, and the aqueous layer was 
extracted with Et2O (3 × 50 mL). The combined organic layers were dried over MgSO4, filtered 
and washed with Et2O until the filter cake was colorless. The solvent was removed under 
reduced pressure. The solid was dissolved in hot Ethanol (60 mL) and H2O was added dropwise 
until a permanent precipitate has formed. The solution was cooled in the fridge for 1 h. The 
white solid was filtered through a glass frit (P4), washed with small amounts of H2O and dried 
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under vacuo. The product was obtained as a colorless solid in a yield of 75.0 % (6.794 g, 
21.07 mmol). 
The experiment was repeated and the product was obtained in 81.0 % yield. 
1H NMR (300 MHz, CDCl3, rt): δ [ppm] = 7.89 (d, J = 8.7 Hz, 4H), 7.50 (d, J = 8.7 Hz, 4H), 1.32 
(s, 18H). 
13C NMR (76 MHz, CDCl3, rt): δ [ppm] = 194.5, 158.9, 130.6, 129.9, 126.0, 35.4, 31.0. 
 
2,3,4,5-tetrakis(4-tert-butylphenyl)cyclopenta-2,4-diene-1-one 11 
Modified procedure from Lungerich et al.[12] 
A 50 mL Schlenk flask, equipped with a reflux condenser, was charged with 4,4’-di-tert-
butylbenzil 30 (2.00 g, 6.20 mmol, 1 equiv.) and 1,3-bis(4-tert-butylphenyl)acetone 26 (2.00 g, 
6.20 mmol, 1 equiv.) and EtOH (20 mL). The mixture was heated to reflux, KOH in EtOH 
(180 mg/ 1 mL) was added and heated for further 30 min at reflux. The dark mixture was 
cooled to 0 °C, the precipitate was filtered off and washed with cold EtOH (3 x 5 mL). The 
product was obtained as a dark purple powder in 81.7% yield (3.08 g, 5.06 mmol). 
1H NMR (300 MHz, CDCl3, rt): δ [ppm] = 7.21 (d, J = 4.2 Hz, 4H), 7.13 (d, J = 8.4 Hz, 2H), 6.81 
(d, J = 8.6 Hz, 2H), 1.27 (s, 12H), 1.26 (s, 12H). 
13C NMR (76 MHz, CDCl3, rt): δ [ppm] = 201.4, 154.2, 151.3, 150.0, 130.5, 129.6, 129.1, 128.1, 
124.9, 124.6, 124.3, 34.64, 34.55, 31.3, 31.2. 
 
3,4-Bis(4-(tert-butyl)phenyl)-2,5-diphenylcyclopenta-2,4-dien-1-one 16 
Modified procedure from Lungerich et al.[12] and Sadhukhan et al.[8] 
4,4’-di-tert-butylbenzil 30 (0.50 g, 1.55 mmol, 1 equiv.) and 1,3-diphenylpropan-2-one 31 
(326 mg, 1.55 mmol, 1 equiv.) were dissolved in hot EtOH (5 mL) in a pressure vial. A solution 
of KOH/EtOH (55 mg KOH in 350 µl EtOH) was added, the vial was sealed and the reaction 
mixture heated for 60 min to 90 °C. The dark mixture was cooled to 0 °C, the precipitate was 
filtered off and washed with cold (-18 °C) EtOH (3 x 5 mL). The product was obtained as a dark 
purple powder in 80.6 % yield (623 mg, 1.25 mmol). 
1H NMR (300 MHz, CDCl3, rt): δ [ppm] = 7.27-7.19 (m, 10H), 7.15 (d, J = 8.5 Hz, 4H), 6.82 (d, 
J = 8.5 Hz, 4H), 1.26 (s, 18H). 
13C NMR (75 MHz, CDCl3, rt): δ [ppm] = 200.6, 154.8, 151.6, 131.1, 130.14, 130.09, 129.1, 
127.9, 127.2, 124.8, 124.6, 34.7, 31.2.  
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3 Synthesis of ortho-porphyrin-HBC via Diels Alder route 
3.1 Synthesis of porphyrin dimer 39 
 
Scheme S6. Synthesis of porphyrin dimer 39. 
 
Procedure for the synthesis of A3B porphyrins 
The synthesis of porphyrins 34, 36 was performed according to the previously reported protocol.[13] 
Two 20 mL microwave vials were prepared: each vial was charged with CH2Cl2 (19 mL), 
aldehyde A (1.50 mmol), aldehyde B (0.50 mmol) and pyrrole (140 μl, 2.00 mmol). A solution 
of I2 (25 mg, 0.10 mmol) in CH2Cl2 (1.0 mL) was added to the particular vial, it was sealed with 
a septum and heated in the microwave reactor (20 s pre stirring, 5 min at 40 °C, max. power 
100 W). A flask charged with para-chloranil (736 mg, 3.00 mmol) in CH2Cl2 (20 mL) was 
prepared and heated to reflux. After each microwave reaction has finished, the reaction 
mixture was poured into the para-chloranil solution. After the content of the second vial was 
added to the flask, the reaction mixture was stirred for further 15 min at reflux. The product 
mixture was adsorbed on SiO2 (approx. 10 g) and separated via silica column chromatography 
(hexanes/CH2Cl2 – 3:1, Ø 6 cm · 37 cm). The second fraction was identified as the desired A3B 
product.  
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Iodo-porphyrin 34[13-14]  
Aldehyde A: 3,5-di-tert-butylbenzaldehyde (327 mg, 1.50 mmol), aldehyde B: 4-iodo-
benzaldehyde (116 mg, 0.50 mmol, yield: 15.1 % (162 mg, 151 μmol).  
 
TMS-ethynyl-porphyrin 36[13,15] Aldehyde A: 3,5-di-tert-butylbenzaldehyde (327 mg, 
1.50 mmol), aldehyde B: 4-(trimethylsilylethynyl)benzaldehyde (101 mg, 0.50 mmol), yield: 
14.8 % (155 mg, 148 μmol). 
 
Zinc-iodo-porphyrin 35 
Free-base-iodo-porphyrin 34 (300 mg, 0.28 mmol) was dissolved in CHCl3 (100 mL), a 
saturated solution of Zn(OAc)2 . 2 H2O in MeOH (35 mL) was added and the mixture was stirred 
under light exclusion for 18 h at rt. The solvent was removed under reduced pressure and the 
excess zinc salt removed by silica plug filtration (hexanes/CH2Cl2 - 1:1). The product was 
obtained in 100 % yield (318 mg, 0.28 mmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.06 – 9.03 (m, 6H), 8.96 (d, J = 4.8 Hz, 2H), 8.13 - 8.11 
(m, 6H), 8.10 (d, J = 8.2 Hz, 2H), 8.00 (d, J = 8.1 Hz, 2H), 7.83 - 7.81 (m, 3H), 1.55 (s, 36H), 1.54 
(s, 18H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 150.7, 150.6, 150.5, 149.8, 148.68, 148.65, 142.8, 
141.9, 141.8, 136.1, 135.7, 132.6, 132.4, 132.3, 131.4, 129.8, 129. 7, 122.9, 122.7, 120.9, 
119.1, 93.7, 35.0, 31.7. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 425 (636000), 557 (20900), 596 (8700). 
MS (LDI): m/z (rel. int.) = 1139 (M+, 100 %). 
HRMS (APPI, toluene) for C68H75IN4Zn (M+) calc.: 1138.4322, found: 1138.4307. 
 
Zinc-TMS-ethynyl-porphyrin 37 
Free-base-porphyrin 36 (212 mg, 0.202 mmol) was dissolved in CHCl3 (50 mL), a saturated 
solution of Zn(OAc)2 . 2 H2O in MeOH (15 mL) was added and the mixture was stirred under 
light exclusion for 18 h at rt. The solvent was removed under reduced pressure and the excess 
zinc salt removed by silica plug filtration (hexanes/CH2Cl2 - 1:1). The product was obtained in 
99 % yield (222 mg, 0.200 mmol). 
1H NMR (500 MHz, CDCl3, rt): δ [ppm] = 9.01 - 8.99 (m, 6H), 8.91 (d, J = 5.0 Hz, 2H), 8.18 (d, 
J = 6.5 Hz, 2H), 8.08 - 8.07 (m, 6H), 7.86 (d, J = 6.5 Hz, 2H), 7.79 - 7.77 (m, 3H), 1.50 (s, 36H), 
1.50 (s, 18H), 0.39 (s, 9H). 
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13C NMR (126 MHz, CDCl3, rt): δ [ppm] = 150.54, 150.52, 150.50, 150.45, 150.43, 150.40, 
150.37, 149.8, 149.73, 149.70, 148.6, 143.4, 141.78, 141.75, 134.4, 134.0, 132.7, 132.5, 132.4, 
132.2, 132.1, 132.0, 131.6, 131.1, 130.3, 130.0, 129.8, 129.4, 122.8, 122.6, 122.22, 122.20, 
121.0, 120.7, 119.7, 105.3, 95.2, 35.1, 32.2, 31.9, 31.6, 31.3, 0.28, -0.07. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 405 (46800), 426 (561000), 557 (23100), 597 (11600). 
MS (LDI) m/z (rel. int.) = 1110 (M+, 100 %), 1127 (M++H2O, 55 %). 
HRMS (APPI, toluene) for C73H84N4SiZn (M+) calc.: 1110.5726, found: 1110.5757. 
 
Zinc-ethynyl-porphyrin 38 
Zinc-TMS-ethynyl-porphyrin 37 (378 mg, 0.34 mmol) was dissolved in THF (50 mL), 1 M TBAF 
solution in THF (1 mL, 1.00 mmol) was added and the reaction was stirred under light 
protection for 90 min at rt.  The solvent was removed and the residue was purified by silica 
plug filtration (hexanes/CH2Cl2 - 2:1). The product was obtained as a red solid in 89.7 % yield 
(317 mg, 0.305 mmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.00 - 8.99 (m, 6H), 8.91 (d, J = 4.7 Hz, 2H), 8.20 (d, 
J = 8.3 Hz, 2H), 8.08 - 8.06 (m, 6H), 7.88 (d, J = 8.1 Hz, 2H), 7.79 - 7.76 (m, 3H), 3.29 (s, 1H), 
1.51 (s, 36H), 1.51 (s, 18H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 150.6, 150.51, 150.48, 149.8, 148.7, 148.6, 143.8, 
141.8, 134.3, 132.5, 132.4, 132.3, 131.4, 131.3, 131.1, 130.4, 130.2, 129.7, 129.6, 127.3, 122.9, 
122.6, 121.3, 120.9, 119.6, 83.9, 78.0, 35.0, 31.7. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) =405 (39900), 425 (512000), 557 (18400), 597 (8000). 
MS (LDI): m/z (rel. int.) = 1037 (M+, 100 %), 1054 (M++HO, 100 %). 
HRMS (APPI, toluene) for C70H76N4Zn (M+) calc.: 1036.5356, found: 1036.5342. 
 
Zinc-porphyrin dimer 39 
A 20 mL Schlenk vial was charged with zinc-iodo-porphyrin 35 (179 mg, 157 μmol, 1 equiv.), 
Pd(PPh3)2Cl2 (5.5 mg, 7.8 μmol, 0.05 equiv.), CuI (3.0 mg, 15.8 μmol, 0.1 equiv.), NEt3 (5 mL) 
and THF (5 mL). The vial was sealed with a septum, the mixture degassed and stirred for 
10 min at rt. A solution of ethynyl-porphyrin 38 (187 mg, 180 μmol, 1.15 equiv.) in degassed 
THF (5 mL) was added via syringe. The flask was heated to 45 °C for 18h. The solvent was 
removed and the crude product purified by column chromatography (SiO2, hexanes/CH2Cl2 - 
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3:1, Æ 5.5 cm ∙ 25 cm). The product was obtained as a red solid in 87 % yield (282 mg, 
137 μmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.09 - 9.05 (m, 16H), 8.36 (d, J = 8.2 Hz, 4H), 8.15 - 
8.09 (m, 16H), 7.83 (t, J = 1.8 Hz, 4 H), 7.81 (t, J = 1.8 Hz, 2H), 1.56 (s, 72H), 1.55 (s, 36H). 
13C NMR (101 MHz, CDCl3, rt): δ [ppm] = 150.7, 150.6, 149.9, 148.7, 148.6, 143.4, 141.9, 134.6, 
132.6, 132.4, 132.3, 131.6, 130.1, 129.8, 129.7, 122.9, 122. 7, 122.6, 120.9, 119.9, 90.5, 35.02, 
35.00, 31.7. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 429 (976000), 557 (45200), 597 (21700). 
MS (MALDI, DHB): m/z (rel. int.) = 2058 (M+Li+, 100 %). 
HRMS (APPI, toluene) for C138H150N8Zn2 (M+) calc.:2050.0584, found: 2050.0636. 
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3.2 Diels Alder reaction 
 
 
Scheme S7. Synthesis of ortho-porphyrin-HBC 7FB via Diels Alder route. 
 
Ortho-zinc-porphyrin-HPB 40 
A 2 mL microwave vial was charged with porphyrin dimer 39 (50 mg, 24.4 μmol, 1 equiv.), 
tetracyclone 11 (30 mg, 49.3 μmol, 2 equiv.) and Ph2O (1.0 mL), purged with argon and sealed 
with a septum. The reaction mixture was heated to 260 °C for 12 h in the microwave reactor. 
The solution was diluted with CH2Cl2 (2 mL) and the product precipitated with MeOH (50 mL). 
The solid was filtered off, washed with MeOH (3 x 5 mL) and dried in vacuo. The product was 
obtained as a red solid in 89 % yield (57 mg, 21.7 μmol). 
1H NMR (400 MHz, CDCl3, rt): δ [ppm] = 9.02 - 8.67 (m, 16H), 8.12 - 6.95 (m, 42H), 1.51 (s, 
36H), 1.20 (s, 18H), 1.92 (s, 18H), 0.58 (s, 36 H). 
13C NMR (75 MHz, CDCl3, rt): δ [ppm] = 157.2, 150.2, 150.1, 148.5, 148.4, 148.2, 147.7, 147.6, 
142.0, 141.1, 140.8, 140.7, 140.4, 139.9, 138.2, 137.9, 132.5, 131.9, 131.7, 131.3, 131.2, 130.0, 
129.7, 129.6, 129.5, 128.7, 123.6, 123.3, 123.2, 122.2, 120.9, 120.7, 118.9, 35.1, 35.0, 34.3, 
34.2, 34.1, 31.80, 31.75, 31.4, 31.3, 30.9. 
UV/Vis (THF): λ [nm] (ε [M-1cm-1]) = 427 (608000), 556 (36000), 595 (11900). 
MS (MALDI, DHB): m/z (rel. int.) = 2629 (M+, 100 %). 
HRMS (APPI, toluene) for C182H202N8Zn2 (M+) calc.: 2631.4671, found: 2631.4704. 
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Ortho-zinc-porphyrin-HBC 7FB via Scholl Oxidation 
A 50 mL Schlenk tube under N2 atmosphere was filled with a solution of zinc-porphyrin-HPB 
40 (45 mg, 17.1 μmol, 1 equiv.) in CH2Cl2 (25 mL) and sealed with a rubber septum. The 
solution was cooled with an ice bath (0 °C) and degassed (cannula bubbled N2 through the 
solution for 15 min). The N2 flow through the solution was increased and a solution of dry 
FeCl3 (80 mg, 493 μmol, 28.8 equiv.) in CH3NO2 (250 μl) was added via syringe. After 15 min 
N2 bubbling through the solution was stopped and the reaction mixture was stirred for 18 h 
under slow warming to rt. The color of the reaction mixture had turned to green. MeOH 
(10 mL) was added and the solvent was removed under reduced pressure. The green residue 
was dissolved in 5 mL CH2Cl2, neutralized with NEt3 (10 – 15 drops) and the solution was 
purified by silica plug filtration (CH2Cl2). The product was obtained as a red-brown solid in 88 % 
yield (38 mg, 15.1 μmol). 
Note: Porphyrins were demetalated during the reaction due to the acidic conditions. The Scholl 
Oxidation works as well with the free-base-porphyrin-HPB in similar yields. 
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4 X-ray crystallography 
 
 
Figure S1. Crystal structure of meta-HPB 2. Solvent molecules were omitted for clarity. Thermal ellipsoids are drawn at 50 % 
probability level. 
Table S1. Crystal data and structure refinement for 18Jux_MM01.  
Identification code  18Jux_MM01  
Empirical formula  C59H64Cl2  
Formula weight  844.00  
Temperature/K  153.00(10)  
Crystal system  orthorhombic  
Space group  P212121  
a/Å  18.9136(2)  
b/Å  20.9566(2)  
c/Å  24.6741(3)  
α/°  90  
β/°  90  
γ/°  90  
Volume/Å3  9779.94(17)  
Z  8  
ρcalcg/cm3  1.146  
μ/mm-1  1.458  
F(000)  3616.0  
Crystal size/mm3  0.414 × 0.25 × 0.19  
Radiation  CuKα (λ = 1.54184)  
2Θ range for data collection/°  5.888 to 128.596  
Index ranges  -19 ≤ h ≤ 21, -24 ≤ k ≤ 23, -28 ≤ l ≤ 27  
Reflections collected  36456  
Independent reflections  16023 [Rint = 0.0392, Rsigma = 0.0480]  
Data/restraints/parameters  16023/0/1124  
Goodness-of-fit on F2  1.027  
Final R indexes [I>=2σ (I)]  R1 = 0.0486, wR2 = 0.1256  
Final R indexes [all data]  R1 = 0.0606, wR2 = 0.1351  
Largest diff. peak/hole / e Å-3  0.34/-0.43  
Flack parameter 0.564(18) 
CCDC No. 1892714 
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Figure S2. Crystal structure of ortho-porphyrin-HBC 7FB. Solvent molecules were omitted for clarity. Thermal ellipsoids are 
drawn at 50 % probability level. 
Table S2. Crystal data and structure refinement for DL11.  
Identification code DL11 
Empirical formula C210H226N8 
Formula weight 2861.97 
Temperature/K 173.00(14) 
Crystal system triclinic 
Space group P-1 
a/Å 15.6338(5) 
b/Å 20.5556(8) 
c/Å 31.4710(9) 
α/° 83.549(3) 
β/° 81.178(2) 
γ/° 80.017(3) 
Volume/Å3 9804.3(6) 
Z 2 
ρcalcg/cm3 0.969 
μ/mm-1 0.416 
F(000) 3084.0 
Crystal size/mm3 0.3543 × 0.0632 × 0.0361 
Radiation Cu Kα (λ = 1.54184) 
2Θ range for data collection/° 6.88 to 111.48 
Index ranges -16 ≤ h ≤ 16, -21 ≤ k ≤ 21, -29 ≤ l ≤ 33 
Reflections collected 42334 
Independent reflections 24365 [Rint = 0.0925, Rsigma = 0.0969] 
Data/restraints/parameters 24365/90/2068 
Goodness-of-fit on F2 1.309 
Final R indexes [I>=2σ (I)] R1 = 0.1222, wR2 = 0.3295 
Final R indexes [all data] R1 = 0.1606, wR2 = 0.3638 
Largest diff. peak/hole / e Å-3 0.85/-0.46 
CCDC No. 1892716 
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5 DFT calculations 
 
DFT calculation (geometry optimization, B3LYP, 631Gs) were performed by the SPARTAN '16 
MECHANICS PROGRAM (Win/64b) Release 2.0.0.[16] 
 
 
Figure S3. Geometry optimized structures of free-base ortho, meta, para bis-porphyrin-HBC conjugates 7FB, 8FB and 9FB at 
the DFT B3LYP 6-31G* level of theory; tBu groups were replaced by H-atoms. H-atoms were omitted for clarity. 
 
 
Figure S4. Geometry optimized structures of free-base ortho, meta, para bis-porphyrin-HBC conjugates 7FB, 8FB and 9FB at 
the DFT B3LYP 6-31G* level of theory; tBu groups were replaced by H-atoms; orbitals are visualized at an iso-value = 0.015. 
10.7 Å
18.3 Å
21.3 Å
DFT	calculated	structures	(B3LYP,	631Gs)
HOMO
LUMO
ortho-porphyrin-HBC meta-porphyrin-HBC para-porphyrin-HBC
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Figure S5. Geometry optimized structures of free-base ortho, meta, para bis-porphyrin-HBC conjugates 7FB, 8FB and 9FB at 
the DFT B3LYP 6-31G* level of theory; tBu groups were replaced by H-atoms; orbitals are visualized at an iso-value = 0.015. 
HOMO-2
HOMO-1
ortho-porphyrin-HBC meta-porphyrin-HBC para-porphyrin-HBC
HOMO-4
HOMO-3
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Figure S6. Geometry optimized structures of free-base ortho, meta, para bis-porphyrin-HBC conjugates 7FB, 8FB and 9FB at 
the DFT B3LYP 6-31G* level of theory; tBu groups were replaced by H-atoms; orbitals are visualized at an iso-value = 0.015. 
 
 
Cartesian coordinates of calculated structures 
 
Ortho-porphyrin-HBC 7FB 
                     Cartesian Coordinates (Angstroms) 
       Atom            X             Y             Z      
    ---------    ------------- ------------- ------------- 
 
  1 C  C0          -1.9317515     6.4652916    -2.9465520 
  2 C  C2          -2.3026367     4.2719833     3.6374663 
  3 C  C3          -5.1298741     7.0148660     0.7596156 
  4 C  C4          -4.5086098     7.1459429    -0.4934105 
  5 C  C5          -5.0376343     7.8211740    -1.6431008 
  6 C  C6          -4.1478152     7.6729734    -2.6729336 
  7 C  C7          -3.0381158     6.8987693    -2.1971272 
  8 N  N8          -3.2987222     6.6135587    -0.8762216 
  9 C  C9          -1.1865173     3.8543737     2.8927590 
 10 C  C10         -0.0567078     3.1149112     3.3753349 
 11 C  C23          0.8113928     2.9328767     2.3326247 
 12 C  C25          0.2516032     3.5574816     1.1689439 
 13 N  N13         -0.9509679     4.1000684     1.5588311 
 14 C  C14          0.3284966     4.3563984    -1.2036516 
 15 C  C15          0.9822430     4.3938142    -2.5090329 
 16 C  C16          0.2211969     5.1937584    -3.2926093 
 17 C  C17         -0.9058177     5.6221273    -2.4695296 
 18 N  N18         -0.8147856     5.1036766    -1.2083963 
 19 C  C19         -3.3564283     5.0700557     3.1417383 
 20 C  C20         -4.5234741     5.4356297     3.9391280 
 21 C  C21         -5.3058493     6.1996149     3.1408387 
 22 C  C22         -4.6202553     6.2853695     1.8547811 
 23 N  N23         -3.4438736     5.5908780     1.8813574 
 24 H  H5          -5.9877663     8.3337357    -1.6658941 
 25 H  H6          -4.2463567     8.0420724    -3.6827679 
 26 H  H8           0.0705248     2.7882825     4.3963895 
 27 H  H9           1.7678755     2.4326300     2.3579783 
 28 H  H10          1.8921129     3.8760721    -2.7768460 
 29 H  H11          0.3942349     5.4720521    -4.3221361 
 30 H  H13         -4.7098140     5.1378875     4.9608773 
 31 H  H14         -6.2509245     6.6625723     3.3857519 
 32 C  C1           0.8402689     3.6332927    -0.1056178 
 33 H  H4          -1.5683890     4.6362909     0.9574575 
 34 H  H7          -2.6973281     6.0528964    -0.2808783 
 35 C  C8          -2.3492945     3.8357084     5.0695723 
 36 C  C11         -2.4119046     3.0158173     7.7630337 
 37 C  C12         -2.2488306     4.7744979     6.1087537 
 38 C  C13         -2.4807136     2.4786208     5.4051058 
 39 C  C18         -2.5129836     2.0716501     6.7396097 
HOMO-5
ortho-porphyrin-HBC meta-porphyrin-HBC para-porphyrin-HBC
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 40 C  C24         -2.2799691     4.3685319     7.4432411 
 41 H  H12         -2.1363360     5.8265137     5.8623545 
 42 H  H15         -2.5642285     1.7393802     4.6131688 
 43 H  H17         -2.6224119     1.0159242     6.9738211 
 44 H  H18         -2.1957174     5.1103604     8.2331696 
 45 H  H20         -2.4346492     2.6996162     8.8026050 
 46 C  C26          3.3099064     0.7411680    -0.3135291 
 47 C  C27          3.3324564     3.5363237    -0.4825854 
 48 C  C28          4.5488140     1.4243175    -0.4625228 
 49 C  C29          2.1260297     1.4828463    -0.2147311 
 50 C  C30          2.1209046     2.8761654    -0.2796709 
 51 C  C31          4.5456398     2.8415576    -0.5895976 
 52 H  H21          1.1779509     0.9845401    -0.0571564 
 53 H  H24          3.3141455     4.6181861    -0.5200373 
 54 H  H16         -2.1907518     5.7370252    -7.5559456 
 55 C  C32         -2.0282869     6.4513365    -6.7530048 
 56 C  C33         -1.6252465     8.2720101    -4.6814008 
 57 C  C34         -1.7803114     7.7932572    -7.0481702 
 58 C  C35         -2.0744382     6.0215307    -5.4263885 
 59 C  C36         -1.8722599     6.9256838    -4.3718833 
 60 C  C37         -1.5784939     8.7024117    -6.0082328 
 61 H  H22         -1.7447608     8.1280717    -8.0814589 
 62 H  H25         -2.2746957     4.9783678    -5.1983418 
 63 H  H27         -1.3799103     9.7481984    -6.2280918 
 64 H  H28         -1.4605758     8.9801717    -3.8737264 
 65 H  H1          -5.6125995     9.6879134     0.9313123 
 66 C  C38         -6.5272540     9.1039753     0.9887689 
 67 C  C39         -8.8714361     7.6047587     1.1521822 
 68 C  C40         -7.7575542     9.7456612     1.1385309 
 69 C  C41         -6.4518383     7.7045017     0.9203822 
 70 C  C42         -7.6408948     6.9638034     1.0033472 
 71 C  C43         -8.9334039     8.9978434     1.2208545 
 72 H  H26         -7.7957860    10.8304595     1.1954555 
 73 H  H30         -7.5943362     5.8798378     0.9461615 
 74 H  H31         -9.8915225     9.4972436     1.3378718 
 75 H  H32         -9.7821332     7.0143956     1.2114135 
 76 C  C44          8.2486727    -0.7445059    -0.3556678 
 77 C  C45          5.7950250     0.6915881    -0.4550200 
 78 C  C46          8.2568084     0.6681056    -0.5347147 
 79 C  C47          7.0124756    -1.4404050    -0.2411965 
 80 C  C48          5.7861932    -0.7213085    -0.2898018 
 81 C  C49          7.0293273     1.3867893    -0.5791218 
 82 C  C50          4.5288754    -1.4279929    -0.1925307 
 83 C  C51          2.0588003    -2.8233980    -0.1255780 
 84 C  C52          4.5050197    -2.8442669    -0.0569435 
 85 C  C53          3.2965571    -0.7183638    -0.2438666 
 86 C  C54          2.0914324    -1.4325064    -0.2306111 
 87 C  C55          3.2709019    -3.5077707    -0.0259728 
 88 H  H38          1.1472490    -0.9135178    -0.3345197 
 89 H  H39          3.2295073    -4.5854860     0.0654638 
 90 H  H23          7.0366028     6.6611666    -1.4534657 
 91 C  C56          7.0360118     5.5941998    -1.2486450 
 92 C  C57          7.0335123     2.8214521    -0.7693946 
 93 C  C58          5.8350093     4.9250412    -1.0619020 
 94 C  C59          8.2357389     4.9016089    -1.1749512 
 95 C  C60          8.2635702     3.5200457    -0.9318010 
 96 C  C61          5.8072283     3.5463096    -0.8075958 
 97 H  H37          4.9127606     5.4879909    -1.1367568 
 98 H  H41          9.1561201     5.4519207    -1.3251343 
 99 H  H3          12.8993677     3.2937822    -0.9145461 
100 C  C62         11.9559724     2.7587358    -0.8499475 
101 C  C63          9.5127148     1.3758852    -0.6574574 
102 C  C64         11.9498653     1.3816944    -0.6837575 
103 C  C65         10.7581519     3.4533832    -0.9319116 
104 C  C66          9.5262879     2.7887434    -0.8444330 
105 C  C67         10.7466047     0.6668200    -0.5897716 
106 H  H34         12.9008749     0.8685651    -0.6189190 
107 H  H35         10.7947692     4.5286090    -1.0541660 
108 H  H29         10.7444038    -4.6476427     0.0388912 
109 C  C68         10.7189462    -3.5723557    -0.0849750 
110 C  C69         10.7381946    -0.7852763    -0.4201788 
111 C  C70          9.4950307    -2.8882400    -0.1214135 
112 C  C71         11.9233981    -2.8967518    -0.2140263 
113 C  C72         11.9327061    -1.5195825    -0.3786662 
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114 C  C73          9.4968771    -1.4742701    -0.2996002 
115 H  H49         12.8599202    -3.4468777    -0.1872122 
116 H  H50         12.8884316    -1.0215576    -0.4819822 
117 C  C74          7.0004759    -2.8764099    -0.0608991 
118 C  C75          6.9800473    -5.6610304     0.3438864 
119 C  C76          8.2251972    -3.5998034     0.0140941 
120 C  C77          5.7649562    -3.5788832     0.0463598 
121 C  C78          5.7831230    -4.9654454     0.2548094 
122 C  C79          8.1858934    -4.9869027     0.2204527 
123 H  H54          4.8580783    -5.5180318     0.3614226 
124 H  H55          9.1024487    -5.5583419     0.2958619 
125 H  H56          6.9725344    -6.7345002     0.5112533 
126 C  C80         -1.2755354    -6.9313873    -3.0135252 
127 C  C81         -3.2278174    -3.6542586     2.7654423 
128 C  C82         -5.2036134    -7.1140675    -0.0487826 
129 C  C83         -4.3124626    -7.4060633    -1.0950281 
130 C  C84         -4.5084494    -8.3502917    -2.1566155 
131 C  C85         -3.4130782    -8.3043142    -2.9770691 
132 C  C86         -2.5084574    -7.3178154    -2.4620287 
133 N  N1          -3.0916126    -6.8130828    -1.3222817 
134 C  C87         -1.9627577    -3.3220724     2.2565056 
135 C  C88         -1.0072523    -2.4304906     2.8459203 
136 C  C89          0.1106093    -2.4187703     2.0553098 
137 C  C90         -0.1197055    -3.2921704     0.9405412 
138 N  N2          -1.3795451    -3.8180362     1.1129362 
139 C  C91          0.5037392    -4.4656365    -1.1801246 
140 C  C92          1.3867667    -4.6037462    -2.3349900 
141 C  C93          0.8204684    -5.5349353    -3.1380009 
142 C  C94         -0.4044015    -5.9632033    -2.4695051 
143 N  N3          -0.5805682    -5.2890813    -1.2928227 
144 C  C95         -4.1076113    -4.6091934     2.2146735 
145 C  C96         -5.4077690    -4.9205185     2.8009763 
146 C  C97         -5.9509877    -5.8901188     2.0282305 
147 C  C98         -4.9889235    -6.1516292     0.9607043 
148 N  N4          -3.8811068    -5.3629942     1.0972452 
149 H  H2          -5.3828434    -8.9737023    -2.2678939 
150 H  H19         -3.2380075    -8.8914799    -3.8659728 
151 H  H33         -1.1633237    -1.8892332     3.7670671 
152 H  H36          1.0231919    -1.8670598     2.2236920 
153 H  H42          2.2925895    -4.0416530    -2.5105796 
154 H  H43          1.1735179    -5.8853731    -4.0969725 
155 H  H44         -5.8308512    -4.4573706     3.6807226 
156 H  H45         -6.9026459    -6.3849117     2.1578775 
157 C  C99          0.7587151    -3.5640885    -0.1223792 
158 H  H46         -1.8049462    -4.5066957     0.5003024 
159 H  H47         -2.6791928    -6.0990099    -0.7300610 
160 C  C100        -3.6569555    -2.9267500     4.0056407 
161 C  C101        -4.4790741    -1.5583883     6.3239368 
162 C  C102        -4.0486644    -1.5810072     3.9422078 
163 C  C103        -3.6798748    -3.5746467     5.2501189 
164 C  C104        -4.0860545    -2.8960279     6.4001034 
165 C  C105        -4.4601936    -0.9023111     5.0909851 
166 H  H48         -4.0425841    -1.0715221     2.9823640 
167 H  H51         -3.3765353    -4.6162592     5.3110163 
168 H  H52         -4.0952234    -3.4140917     7.3555884 
169 H  H53         -4.7702397     0.1369427     5.0215258 
170 H  H57         -4.8042760    -1.0319321     7.2174624 
171 H  H63          1.4540599    -9.7785159    -5.5213277 
172 C  C112         0.6027598    -9.1027288    -5.5151763 
173 C  C113        -1.5822821    -7.3733776    -5.4795272 
174 C  C114        -0.1106256    -8.8634662    -6.6911748 
175 C  C115         0.2249761    -8.4788183    -4.3255980 
176 C  C116        -0.8726070    -7.6045424    -4.2905959 
177 C  C117        -1.2046428    -7.9965881    -6.6695871 
178 H  H64          0.1844547    -9.3484406    -7.6178295 
179 H  H65          0.7793920    -8.6701466    -3.4108817 
180 H  H66         -1.7630039    -7.7992449    -7.5810801 
181 H  H67         -2.4286436    -6.6920905    -5.4675647 
182 H  H68         -7.7199047    -6.2083455    -0.5520689 
183 C  C118        -7.7090782    -7.2683462    -0.3140306 
184 C  C119        -7.6762916    -9.9913116     0.2821078 
185 C  C120        -8.9004495    -7.9947509    -0.3007131 
186 C  C121        -6.4849385    -7.8925379    -0.0283051 
187 C  C122        -6.4852609    -9.2640804     0.2697978 
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188 C  C123        -8.8875304    -9.3587925    -0.0030229 
189 H  H69         -9.8384525    -7.4944979    -0.5271786 
190 H  H70         -5.5444672    -9.7569124     0.4992441 
191 H  H71         -9.8152179    -9.9247639     0.0075931 
192 H  H72         -7.6572261   -11.0518265     0.5196077 
 
 
Meta-porphyrin-HBC 8FB 
  Cartesian Coordinates (Angstroms) 
       Atom            X             Y             Z      
    ---------    ------------- ------------- ------------- 
 
  1 C  C0         -10.2413234    -0.1159161     2.9764329 
  2 C  C2          -8.0579093    -2.4139893    -3.1981196 
  3 C  C3         -12.0847713    -3.0575556    -0.5204110 
  4 C  C4         -11.9656460    -2.3057119     0.6605727 
  5 C  C5         -12.8880406    -2.2836999     1.7582981 
  6 C  C6         -12.3761890    -1.4665660     2.7302539 
  7 C  C7         -11.1190246    -0.9539788     2.2679006 
  8 N  N8         -10.9191705    -1.4841523     1.0136904 
  9 C  C9          -7.1780041    -1.5807636    -2.4877212 
 10 C  C10         -5.9202940    -1.0686131    -2.9483590 
 11 C  C23         -5.4004096    -0.2671425    -1.9678481 
 12 C  C25         -6.3200364    -0.2528269    -0.8670618 
 13 N  N13         -7.3725863    -1.0626888    -1.2273995 
 14 C  C14         -7.1625794     0.5619381     1.3446562 
 15 C  C15         -6.9724802     1.3412126     2.5645087 
 16 C  C16         -8.1008676     1.1839839     3.2959707 
 17 C  C17         -8.9664167     0.2924880     2.5289791 
 18 N  N18         -8.3765649    -0.0647958     1.3490719 
 19 C  C19         -9.3272352    -2.8322916    -2.7440374 
 20 C  C20        -10.1868639    -3.7337440    -3.5054619 
 21 C  C21        -11.3059548    -3.9087098    -2.7641195 
 22 C  C22        -11.1184349    -3.1253880    -1.5463969 
 23 N  N23         -9.9128516    -2.4823159    -1.5599586 
 24 H  H5         -13.8099321    -2.8445026     1.7907491 
 25 H  H6         -12.8080600    -1.2453100     3.6946806 
 26 H  H8          -5.4923882    -1.2800322    -3.9167218 
 27 H  H9          -4.4754902     0.2887268    -1.9980559 
 28 H  H10         -6.0958318     1.9212603     2.8150727 
 29 H  H11         -8.3348976     1.6225832     4.2552872 
 30 H  H13         -9.9535630    -4.1687421    -4.4665983 
 31 H  H14        -12.1750198    -4.5032882    -3.0060010 
 32 C  C1          -6.1933168     0.4845468     0.3226084 
 33 H  H4          -8.1976291    -1.2265173    -0.6592902 
 34 H  H7         -10.0936615    -1.3232369     0.4454148 
 35 C  C8          -7.5988092    -2.8722023    -4.5487454 
 36 C  C11         -6.7317320    -3.7262265    -7.0874055 
 37 C  C12         -6.5133137    -3.7529703    -4.6778827 
 38 C  C13         -8.2419182    -2.4264901    -5.7143952 
 39 C  C18         -7.8125003    -2.8497415    -6.9726277 
 40 C  C24         -6.0837231    -4.1768460    -5.9360505 
 41 H  H12         -6.0128015    -4.1123516    -3.7829190 
 42 H  H15         -9.0786103    -1.7389964    -5.6269438 
 43 H  H17         -8.3200675    -2.4897195    -7.8637253 
 44 H  H18         -5.2448706    -4.8634688    -6.0153744 
 45 H  H20         -6.3970613    -4.0558911    -8.0674105 
 46 C  C26         -3.7195640     3.3860702     0.5040684 
 47 C  C27         -3.7065104     0.5891124     0.6547338 
 48 C  C28         -2.4817338     2.6946938     0.6239197 
 49 C  C29         -4.9100933     2.6494581     0.4252458 
 50 C  C30         -4.9191061     1.2560183     0.4819373 
 51 C  C31         -2.4890983     1.2765630     0.7419817 
 52 H  H21         -5.8584461     3.1511564     0.2801363 
 53 H  H24         -3.7285565    -0.4928593     0.6941212 
 54 H  H16        -13.0682526     2.3579485     5.7579529 
 55 C  C32        -12.2298486     1.6696301     5.6890517 
 56 C  C33        -10.0727802    -0.0851132     5.4940724 
 57 C  C34        -11.5895990     1.2270176     6.8478246 
 58 C  C35        -11.7928825     1.2358685     4.4367935 
 59 C  C36        -10.7076821     0.3528747     4.3209730 
 60 C  C37        -10.5093397     0.3482508     6.7463820 
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 61 H  H22        -11.9297555     1.5647295     7.8231808 
 62 H  H25        -12.2873788     1.5891482     3.5360510 
 63 H  H27        -10.0076657    -0.0055974     7.6432620 
 64 H  H28         -9.2366065    -0.7744876     5.4171724 
 65 H  H1         -12.3600125    -5.7624948    -0.4388280 
 66 C  C38        -13.3102101    -5.2617227    -0.6030160 
 67 C  C39        -15.7486879    -3.9728235    -1.0088711 
 68 C  C40        -14.4815886    -6.0084202    -0.7338710 
 69 C  C41        -13.3415208    -3.8602394    -0.6727714 
 70 C  C42        -14.5770563    -3.2263833    -0.8760267 
 71 C  C43        -15.7044832    -5.3663138    -0.9376425 
 72 H  H26        -14.4381907    -7.0927308    -0.6722818 
 73 H  H30        -14.6123789    -2.1419468    -0.9358985 
 74 H  H31        -16.6166700    -5.9480473    -1.0404295 
 75 H  H32        -16.6954246    -3.4642971    -1.1718875 
 76 C  C44          1.2322827     4.8365610     0.4718666 
 77 C  C45         -1.2314433     3.4198465     0.5992958 
 78 C  C46          1.2309498     3.4197572     0.5996090 
 79 C  C47         -0.0001507     5.5466240     0.4202969 
 80 C  C48         -1.2326477     4.8366496     0.4715502 
 81 C  C49         -0.0002799     2.7114165     0.6679411 
 82 C  C50         -2.4876397     5.5543410     0.4093267 
 83 C  C51         -4.9274818     6.9551653     0.3617237 
 84 C  C52         -2.4969577     6.9756110     0.3149312 
 85 C  C53         -3.7245510     4.8468007     0.4454436 
 86 C  C54         -4.9262086     5.5695067     0.4317235 
 87 C  C55         -3.7277810     7.6487857     0.2969540 
 88 H  H38         -5.8771148     5.0552356     0.4923084 
 89 H  H39         -3.7623565     8.7296732     0.2427113 
 90 H  H40         -5.8688601     7.4974203     0.3585829 
 91 H  H23         -0.0005884    -2.5551001     1.5729858 
 92 C  C56         -0.0005202    -1.4929708     1.3446767 
 93 C  C57         -0.0003499     1.2742934     0.8363726 
 94 C  C58         -1.2026091    -0.8149462     1.1986025 
 95 C  C59          1.2016557    -0.8150448     1.1988637 
 96 C  C60          1.2282315     0.5612192     0.9294433 
 97 C  C61         -1.2290059     0.5613160     0.9291690 
 98 H  H37         -2.1266097    -1.3664613     1.3229595 
 99 H  H41          2.1255773    -1.3666449     1.3234207 
100 C  C62          4.9184872     1.2556934     0.4830197 
101 C  C63          2.4811832     2.6945133     0.6245257 
102 C  C64          4.9095774     2.6491304     0.4263894 
103 C  C65          3.7058191     0.5888497     0.6555377 
104 C  C66          2.4884255     1.2763768     0.7425561 
105 C  C67          3.7190844     3.3858138     0.5049795 
106 H  H34          5.8579971     3.1507670     0.2815092 
107 H  H35          3.7277971    -0.4931257     0.6948429 
108 H  H29          3.7623202     8.7294123     0.2437308 
109 C  C68          3.7276587     7.6485249     0.2979364 
110 C  C69          3.7241888     4.8465414     0.4463813 
111 C  C70          2.4967857     6.9754343     0.3155832 
112 C  C71          4.9272941     6.9548190     0.3629865 
113 C  C72          4.9259033     5.5691590     0.4329528 
114 C  C73          2.4873389     5.5541670     0.4099699 
115 H  H49          5.8687115     7.4970070     0.3600855 
116 H  H50          5.8767563     5.0548158     0.4937415 
117 C  C74         -0.0000826     6.9882600     0.3004392 
118 C  C75          0.0000572     9.7883314     0.0303567 
119 C  C76          1.2309737     7.7036814     0.2409273 
120 C  C77         -1.2310719     7.7037701     0.2406104 
121 C  C78         -1.2016850     9.0991172     0.1014067 
122 C  C79          1.2017300     9.0990263     0.1017020 
123 H  H54         -2.1223734     9.6652553     0.0364412 
124 H  H55          2.1224795     9.6650908     0.0369481 
125 H  H56          0.0001124    10.8688069    -0.0837210 
126 C  C80         10.2408161    -0.1155169     2.9776500 
127 C  C81          8.0581272    -2.4133599    -3.1972294 
128 C  C82         12.0853259    -3.0558195    -0.5197706 
129 C  C83         11.9658995    -2.3042897     0.6613873 
130 C  C84         12.8883206    -2.2821003     1.7590880 
131 C  C85         12.3761661    -1.4653517     2.7312110 
132 C  C86         11.1187870    -0.9531825     2.2689856 
133 N  N1          10.9190669    -1.4832787     1.0147205 
134 C  C87          7.1779421    -1.5805435    -2.4867022 
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135 C  C88          5.9200985    -1.0686698    -2.9472915 
136 C  C89          5.4000107    -0.2674189    -1.9667106 
137 C  C90          6.3196160    -0.2530126    -0.8659068 
138 N  N2           7.3723441    -1.0626152    -1.2262928 
139 C  C91          7.1618671     0.5616115     1.3459643 
140 C  C92          6.9715704     1.3407594     2.5658636 
141 C  C93          8.0999623     1.1836976     3.2973545 
142 C  C94          8.9657407     0.2924758     2.5303008 
143 N  N3           8.3759212    -0.0649894     1.3504338 
144 C  C95          9.3276042    -2.8312872    -2.7432391 
145 C  C96         10.1876322    -3.7321251    -3.5049375 
146 C  C97         11.3068216    -3.9067768    -2.7636669 
147 C  C98         11.1189651    -3.1238763    -1.5457219 
148 N  N4           9.9130549    -2.4814161    -1.5590453 
149 H  H2          13.8104566    -2.8425089     1.7913962 
150 H  H19         12.8080025    -1.2440851     3.6956502 
151 H  H33          5.4922683    -1.2800891    -3.9156887 
152 H  H36          4.4749667     0.2882469    -1.9968618 
153 H  H42          6.0948250     1.9206735     2.8164001 
154 H  H43          8.3338954     1.6223062     4.2566895 
155 H  H44          9.9545391    -4.1669071    -4.4662237 
156 H  H45         12.1761782    -4.5008455    -3.0057554 
157 C  C99          6.1927067     0.4842098     0.3238267 
158 H  H46          8.1973932    -1.2263475    -0.6581638 
159 H  H47         10.0934225    -1.3226618     0.4465564 
160 C  C100         7.5992042    -2.8714498    -4.5479637 
161 C  C101         6.7324585    -3.7252264    -7.0868070 
162 C  C102         8.2420727    -2.4251279    -5.7135113 
163 C  C103         6.5141234    -3.7526977    -4.6772855 
164 C  C104         6.0846964    -4.1764526    -5.9355502 
165 C  C105         7.8128161    -2.8482579    -6.9718416 
166 H  H48          9.0784443    -1.7372639    -5.6258964 
167 H  H51          6.0138058    -4.1125268    -3.7823937 
168 H  H52          5.2461648    -4.8634489    -6.0150314 
169 H  H53          8.3201847    -2.4877698    -7.8628646 
170 H  H57          6.3979124    -4.0547966    -8.0668869 
171 H  H63         10.0076994    -0.0055971     7.6445234 
172 C  C112        10.5090919     0.3485380     6.7475986 
173 C  C113        11.7919196     1.2368940     4.4378967 
174 C  C114        11.5889404     1.2278200     6.8489501 
175 C  C115        10.0725814    -0.0849705     5.4953194 
176 C  C116        10.7071235     0.3533934     4.3221654 
177 C  C117        12.2288312     1.6708033     5.6901214 
178 H  H64         11.9290552     1.5656473     7.8242816 
179 H  H65          9.2367301    -0.7747435     5.4184864 
180 H  H66         13.0669066     2.3595275     5.7589542 
181 H  H67         12.2861260     1.5904589     3.5371091 
182 H  H68         14.6124298    -2.1387841    -0.9350469 
183 C  C118        14.5776791    -3.2232574    -0.8754980 
184 C  C119        14.4836702    -6.0053826    -0.7341665 
185 C  C120        15.7496972    -3.9690417    -1.0085950 
186 C  C121        13.3424743    -3.8578185    -0.6724017 
187 C  C122        13.3119013    -5.2593401    -0.6030609 
188 C  C123        15.7062226    -5.3625763    -0.9377841 
189 H  H69         16.6961614    -3.4599699    -1.1714892 
190 H  H70         12.3619747    -5.7606615    -0.4389771 
191 H  H71         16.6187090    -5.9438044    -1.0407708 
192 H  H72         14.4408430    -7.0897342    -0.6728941 
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Para-porphyrin-HBC 9FB 
Cartesian Coordinates (Angstroms) 
       Atom            X             Y             Z      
    ---------    ------------- ------------- ------------- 
 
  1 C  C0          10.4708865    -3.2636187    -1.3006044 
  2 C  C2          10.8407149     3.1103513     1.4186787 
  3 C  C3          14.1165460    -0.2233015     0.0145411 
  4 C  C4          13.4348683    -1.3402434    -0.4967028 
  5 C  C5          14.0183061    -2.5059690    -1.0948544 
  6 C  C6          13.0051235    -3.3523236    -1.4589020 
  7 C  C7          11.7592211    -2.7396519    -1.0996146 
  8 N  N8          12.0718711    -1.5266291    -0.5296471 
  9 C  C9           9.5534892     2.6163677     1.1476729 
 10 C  C10          8.3103945     3.3137872     1.3072838 
 11 C  C23          7.2976803     2.4756734     0.9234023 
 12 C  C25          7.8786737     1.2294047     0.5154295 
 13 N  N13          9.2396972     1.3676949     0.6616356 
 14 C  C14          7.8054575    -1.0993567    -0.3990442 
 15 C  C15          7.0435414    -2.2865098    -0.7755893 
 16 C  C16          7.9520005    -3.2186896    -1.1482003 
 17 C  C17          9.2641853    -2.5958966    -0.9994770 
 18 N  N18          9.1479211    -1.3178919    -0.5291853 
 19 C  C19         12.0461603     2.4179125     1.1730998 
 20 C  C20         13.3549804     2.9446470     1.5485780 
 21 C  C21         14.2638646     2.0215730     1.1550166 
 22 C  C22         13.5058086     0.9341113     0.5435120 
 23 N  N23         12.1642096     1.1921348     0.5804946 
 24 H  H5          15.0784438    -2.6568841    -1.2332883 
 25 H  H6          13.0959041    -4.3112332    -1.9465501 
 26 H  H8           8.2201222     4.3313838     1.6566460 
 27 H  H9           6.2400946     2.6927772     0.9056593 
 28 H  H10          5.9685145    -2.3879869    -0.7344254 
 29 H  H11          7.7661178    -4.2328772    -1.4712482 
 30 H  H13         13.5365382     3.8797315     2.0584409 
 31 H  H14         15.3367648     2.0517560     1.2790544 
 32 C  C1           7.1975146     0.0920864     0.0513151 
 33 H  H4           9.9225048     0.6636851     0.3998825 
 34 H  H7          11.3885326    -0.8421614    -0.2216547 
 35 C  C8          10.9166542     4.4835536     2.0121886 
 36 C  C11         11.0373535     7.0676590     3.1234204 
 37 C  C12         10.4254923     4.7340689     3.3032772 
 38 C  C13         11.4716029     5.5507450     1.2883169 
 39 C  C18         11.5304446     6.8316250     1.8386776 
 40 C  C24         10.4858316     6.0143501     3.8548118 
 41 H  H12         10.0025022     3.9139467     3.8768916 
 42 H  H15         11.8497204     5.3704108     0.2858964 
 43 H  H17         11.9585770     7.6465416     1.2607353 
 44 H  H18         10.1054916     6.1869019     4.8582757 
 45 H  H20         11.0838099     8.0653680     3.5517823 
 46 C  C26          3.5980845     0.2419124    -1.2018732 
 47 C  C27          4.9808242     0.2265315     1.2333342 
 48 C  C28          2.8679366     0.2772849     0.0198764 
 49 C  C29          4.9973649     0.1815116    -1.1618447 
 50 C  C30          5.7018505     0.1689755     0.0413733 
 51 C  C31          3.5807338     0.2830177     1.2521875 
 52 H  H21          5.5733564     0.1378436    -2.0771245 
 53 H  H24          5.5426855     0.2034616     2.1581435 
 54 H  H16          9.3924494    -6.2594493    -4.7205541 
 55 C  C32          9.7979320    -6.1233272    -3.7212960 
 56 C  C33         10.8470220    -5.7562063    -1.1657318 
 57 C  C34         10.2512353    -7.2250847    -2.9934576 
 58 C  C35          9.8674821    -4.8425594    -3.1725291 
 59 C  C36         10.3932837    -4.6402435    -1.8865050 
 60 C  C37         10.7759381    -7.0376884    -1.7134900 
 61 H  H22         10.1955389    -8.2227013    -3.4209267 
 62 H  H25          9.5185474    -3.9860502    -3.7424845 
 63 H  H27         11.1262921    -7.8897945    -1.1368387 
 64 H  H28         11.2471598    -5.6142795    -0.1654476 
 65 H  H1          15.7595309    -1.8553589     1.4503855 
 66 C  C38         16.3147741    -1.1926540     0.7920200 
 67 C  C39         17.7410442     0.5190645    -0.8818329 
 68 C  C40         17.7090292    -1.2444448     0.7644591 
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 69 C  C41         15.6134486    -0.2826600    -0.0143958 
 70 C  C42         16.3471995     0.5725989    -0.8514645 
 71 C  C43         18.4269917    -0.3891988    -0.0733606 
 72 H  H26         18.2336176    -1.9512977     1.4021730 
 73 H  H30         15.8162221     1.2776562    -1.4851130 
 74 H  H31         19.5127251    -0.4298495    -0.0957295 
 75 H  H32         18.2904543     1.1864321    -1.5408364 
 76 C  C44         -1.4211250     0.2768426    -0.0105131 
 77 C  C45          1.4223215     0.2930874     0.0094397 
 78 C  C46         -0.7195890     0.3046698     1.2278510 
 79 C  C47         -0.7019593     0.2686522    -1.2390458 
 80 C  C48          0.7207216     0.2766060    -1.2290942 
 81 C  C49          0.7031457     0.3127967     1.2377586 
 82 C  C50          1.4543092     0.2723480    -2.4771268 
 83 C  C51          2.8808090     0.3018692    -4.9034899 
 84 C  C52          0.7578362     0.2773565    -3.7201492 
 85 C  C53          2.8790339     0.2672809    -2.4745013 
 86 C  C54          3.5655964     0.2882068    -3.6973089 
 87 C  C55          1.4939791     0.2924163    -4.9143384 
 88 H  H38          4.6479037     0.3009512    -3.7207051 
 89 H  H39          0.9892632     0.2999876    -5.8719943 
 90 H  H40          3.4314463     0.3197944    -5.8398515 
 91 H  H23          3.3479635     0.4780824     5.8839357 
 92 C  C56          2.8108220     0.4368380     4.9404756 
 93 C  C57          1.4189546     0.3434221     2.4956962 
 94 C  C58          3.5126338     0.3917121     3.7449454 
 95 C  C59          1.4239644     0.4288090     4.9317298 
 96 C  C60          0.7048637     0.3827443     3.7280250 
 97 C  C61          2.8436558     0.3392982     2.5133415 
 98 H  H37          4.5945618     0.4031882     3.7838342 
 99 H  H41          0.9055437     0.4618657     5.8814303 
100 H  H3          -3.4303572     0.4137687     5.8375807 
101 C  C62         -2.8796250     0.3868574     4.9014858 
102 C  C63         -1.4532231     0.3259128     2.4756817 
103 C  C64         -3.5643078     0.3384723     3.6961649 
104 C  C65         -1.4928434     0.4008399     4.9118648 
105 C  C66         -0.7567621     0.3712883     3.7179443 
106 C  C67         -2.8778965     0.3037245     2.4735726 
107 H  H34         -4.6466299     0.3318189     3.7203181 
108 H  H35         -0.9881028     0.4358410     5.8689001 
109 H  H29         -5.5400715     0.0997319    -2.1559338 
110 C  C68         -4.9788805     0.1536792    -1.2320291 
111 C  C69         -3.5969021     0.2455797     1.2018773 
112 C  C70         -3.5790226     0.2117130    -1.2523119 
113 C  C71         -5.7008786     0.1376191    -0.0391926 
114 C  C72         -4.9963351     0.1873816     1.1631213 
115 C  C73         -2.8665271     0.2482972    -0.0203484 
116 H  H50         -5.5730902     0.1786733     2.0788493 
117 C  C74         -1.4176304     0.2527659    -2.4973495 
118 C  C75         -2.8095410     0.2414507    -4.9439179 
119 C  C76         -2.8420894     0.2296570    -2.5147694 
120 C  C77         -0.7036864     0.2635411    -3.7304151 
121 C  C78         -1.4227815     0.2570694    -4.9349793 
122 C  C79         -3.5111181     0.2280123    -3.7474942 
123 H  H54         -0.9044957     0.2643809    -5.8853012 
124 H  H55         -4.5930162     0.2198904    -3.7869541 
125 H  H56         -3.3468186     0.2392438    -5.8881922 
126 C  C80        -10.4861510    -3.2079570     1.4577294 
127 C  C81        -10.8235489     3.0301351    -1.5705946 
128 C  C82        -14.1142642    -0.2151454    -0.0053268 
129 C  C83        -13.4386554    -1.3104549     0.5574434 
130 C  C84        -14.0298409    -2.4467737     1.2024691 
131 C  C85        -13.0219180    -3.2800524     1.6088408 
132 C  C86        -11.7717331    -2.6883834     1.2293983 
133 N  N1         -12.0766062    -1.5002349     0.6053664 
134 C  C87         -9.5390083     2.5438873    -1.2745793 
135 C  C88         -8.2927520     3.2278087    -1.4635433 
136 C  C89         -7.2848625     2.4058217    -1.0346149 
137 C  C90         -7.8720765     1.1827363    -0.5691351 
138 N  N2          -9.2319673     1.3190552    -0.7270726 
139 C  C91         -7.8103939    -1.0990185     0.4595735 
140 C  C92         -7.0541620    -2.2712965     0.8903278 
141 C  C93         -7.9669341    -3.1808065     1.3061121 
142 C  C94         -9.2761625    -2.5594311     1.1285958 
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143 N  N3          -9.1537557    -1.3049083     0.5998611 
144 C  C95        -12.0325398     2.3576745    -1.2894229 
145 C  C96        -13.3396339     2.8743707    -1.6848633 
146 C  C97        -14.2525564     1.9763536    -1.2455139 
147 C  C98        -13.4987042     0.9136183    -0.5871115 
148 N  N4         -12.1558041     1.1618538    -0.6394645 
149 H  H2         -15.0914579    -2.5875177     1.3403968 
150 H  H19        -13.1192533    -4.2167314     2.1367624 
151 H  H33         -8.1973512     4.2268504    -1.8615804 
152 H  H36         -6.2267375     2.6202689    -1.0221680 
153 H  H42         -5.9798245    -2.3806317     0.8520838 
154 H  H43         -7.7854970    -4.1797279     1.6758222 
155 H  H44        -13.5177685     3.7858151    -2.2370204 
156 H  H45        -15.3258310     2.0074584    -1.3663393 
157 C  C99         -7.1966380     0.0665809    -0.0478242 
158 H  H46         -9.9190885     0.6311499    -0.4355979 
159 H  H47        -11.3885381    -0.8328452     0.2715029 
160 C  C100       -10.8933315     4.3714886    -2.2335375 
161 C  C101       -11.0091249     6.8940766    -3.4783324 
162 C  C102       -10.4066305     4.5516443    -3.5379725 
163 C  C103       -11.4398072     5.4777413    -1.5641316 
164 C  C104       -11.4965482     6.7282833    -2.1805706 
165 C  C105       -10.4653323     5.8013889    -4.1557335 
166 H  H48         -9.9894628     3.7011402    -4.0702526 
167 H  H51        -11.8139164     5.3517003    -0.5518970 
168 H  H52        -11.9187804     7.5740788    -1.6441541 
169 H  H53        -10.0896726     5.9194633    -5.1688617 
170 H  H57        -11.0537107     7.8678234    -3.9588366 
171 H  H63         -9.4266120    -6.0656959     5.0010493 
172 C  C112        -9.8313360    -5.9682888     3.9969469 
173 C  C113       -10.8779799    -5.7003855     1.4283699 
174 C  C114       -10.2933834    -7.0960295     3.3158308 
175 C  C115        -9.8913458    -4.7109196     3.3953628 
176 C  C116       -10.4162493    -4.5585556     2.1021088 
177 C  C117       -10.8166630    -6.9583358     2.0290024 
178 H  H64        -10.2454027    -8.0751841     3.7848672 
179 H  H65         -9.5357728    -3.8341085     3.9292811 
180 H  H66        -11.1737323    -7.8310563     1.4884348 
181 H  H67        -11.2770387    -5.5972695     0.4229409 
182 H  H68        -15.7626074    -1.8788402    -1.3965638 
183 C  C118       -16.3159693    -1.1959124    -0.7575855 
184 C  C119       -17.7362300     0.5672018     0.8675872 
185 C  C120       -17.7104857    -1.2411307    -0.7298059 
186 C  C121       -15.6117920    -0.2669920     0.0241980 
187 C  C122       -16.3420996     0.6142730     0.8366861 
188 C  C123       -18.4252408    -0.3602502     0.0838309 
189 H  H69        -18.2377782    -1.9630296    -1.3481223 
190 H  H70        -15.8081732     1.3346917     1.4502447 
191 H  H71        -19.5111595    -0.3957835     0.1065349 
192 H  H72        -18.2835260     1.2547484     1.5073057 
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6 UV/Vis Data Analysis 
 Spacer: Benzene 
Table S3. UV/Vis data for the B-band absorption of bis-porphyrin-benzene conjugates reported by Joo, Osuka, Kim and co-
workers in toluene.[1] The respective highest B-band maxima are highlighted in bold. 
Geometry B-band 
lleft-max / nm 
B-band 
lright-max / nm 
DSoret / 
nm 
eright-max / 
eleft-max 
lleft-max (o,m,p) / 
lleft-max (o) 
ortho 413.7 / / / 1.000 
meta 420.2 434.1 13.9 < 1 1.016 
para 422.8 433.7 10.9 > 1 1.022 
 
Spacer: HBC 
 
Table S4.  UV/Vis data for B-band absorptions of bis-porphyrin-HBC conjugates in CH2Cl2. Spectra were measured with a 
resolution of 0.1 nm, which allows detailed analysis. The respective highest B-band maxima are highlighted in bold. 
Geometry B-band 
lleft-max / nm 
B-band 
lright-max / nm 
DSoret / 
nm 
eright-max / 
eleft-max 
lleft-max (o,m,p) /  
lleft-max (o) 
ortho 423.8 435* ≈ 11.2 0.53 1.000 
meta 425.4 433* ≈ 7.6 0.81 1.003 
para 425.8 434.6 8.8 1.01 1.005 
* shoulder peak 
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Figure S3. Bis-porphyrin-benzene conjugates reported by Joo, Osuka, Kim and co-workers.[1] 
 
Figure S4. Bis-porphyrin-HBC conjugates. 
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7 Spectral Appendix (UV/Vis, CV, NMR, MS)  
 
Figure S5. UV/Vis absorption spectra of free-base porphyrins 7FB, 8FB and 9FB in THF at rt. Inserts show magnifications of 
the B-band (left) and Q-bands (right).[17] 
 
 
 
Figure S6. Comparison of 1H NMR (400 MHz, CDCl3, rt) (left) and HRMS (right) spectra of 7Zn, 8Zn and 9Zn. 
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Figure S7. Cyclic voltammetry (black) and differential pulse voltammetry (brown) of 7Zn in DCM vs. Fc/Fc+ as reference and 
0.1 M TBAPF6 as supporting electrolyte. 
 
Figure S8. Cyclic voltammetry (black) and differential pulse voltammetry (brown) of 8Zn in DCM vs. Fc/Fc+ as reference and 
0.1 M TBAPF6 as supporting electrolyte.  
 
Figure S9. Cyclic voltammetry (black) and differential pulse voltammetry (brown) of 9Zn in DCM vs. Fc/Fc+ as reference and 
0.1 M TBAPF6 as supporting electrolyte 
Table S5. Electrochemical data of 7Zn, 8Zn and 9Zn in DCM vs. Fc/Fc+ as reference and 0.1 M TBAPF6 as supporting 
electrolyte at room temperature. A glassy carbon electrode serves as working electrode, a platinum wire as counter 
electrode, and an Ag-wire as quasi-reference electrode. The scan rate of the cyclic voltammetry is 0.01 V/s.  
 
Reduction Oxidation 
E
Red3
 / V E
Red2
 / V E
Red1
 / V E
Ox1
 / V E
Ox2
 / V E
Ox3
 / V 
7Zn -1.8 -1.7 -1.5 0.7 1.0 1.3 
8Zn -1.8 -1.7  -1.5 0.7 1.0 1.3 
9Zn -1.8 -1.7 -1.5 0.7 1.0 1.3 
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Figure S10. 1H and 13C NMR spectra of ortho-iodo-HPB 13. 
 
Figure S11. HRMS (MALDI) of ortho-iodo-HPB 13. 
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Figure S12. 1H NMR spectrum of ortho-iodo-HBC 4. 13C NMR could not be measured due to the low solubility of 4. 
 
Figure S13. HRMS (MALDI) of ortho-iodo-HBC 4. 
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Figure S14. 1H and 13C NMR spectra of ortho-zinc-porphyrin-HBC 7Zn. 
 
Figure S15. HRMS (APPI) of ortho-zinc-porphyrin-HBC 7Zn.  
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Figure S16. 1H and 13C NMR spectra of ortho-free-base-porphyrin-HBC 7FB. 
 
Figure S17. HRMS (APPI) of ortho-free-base-porphyrin-HBC 7FB. 
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Figure S18. 1H-1H COSY spectrum of ortho-free-base-porphyrin-HBC 7FB. 
 
Figure S19. 1H-1H long range COSY spectrum of ortho-free-base-porphyrin-HBC 7FB. 
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Figure S20. 1D selective 1H NOE experiments of ortho-free-base-porphyrin-HBC 7FB. 
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Figure S21. 1H-13C HMQC spectrum of ortho-free-base-porphyrin-HBC 7FB. 
 
Figure S22. 1H-13C HMBC spectrum of ortho-free-base-porphyrin-HBC 7FB. 
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Figure S23. 1H and 13C NMR spectra of meta-iodo-HPB 15. 
 
Figure S24. HRMS (APPI) of meta-iodo-HPB 15. 
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Figure S25. 1H and 13C NMR spectra of meta-iodo-HBC 5. 
 
 
Figure S26. HRMS (APPI) of meta-iodo-HBC 5. 
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Figure S27. 1H and 13C NMR spectra of meta-zinc-porphyrin-HBC 8Zn. 
 
Figure S28. HRMS (APPI) of meta-zinc-porphyrin-HBC 8Zn. 
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Figure S29. 1H-13C HSQC spectrum of meta-zinc-porphyrin-HBC 8Zn. 
 
Figure S30. 1H-13C HMBC spectrum of meta-zinc-porphyrin-HBC 8Zn. 
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Figure S31. 1H and 13C NMR spectra of meta-free-base-porphyrin-HBC 8FB. 
 
Figure S32. HRMS (APPI) of meta-free-base-porphyrin-HBC 8FB. 
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Figure S33. 1H and 13C NMR spectra of para-iodo-HPB 18. 
 
Figure S34. HRMS (APPI) of para-iodo-HPB 18. 
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Figure S35. 1H and 13C NMR spectra of para-iodo-HBC 6. 
 
Figure S36. HRMS (APPI) of para-iodo-HBC 6. 
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Figure S37. 1H and 13C NMR spectra of para-zinc-porphyrin-HBC 9Zn. 
 
Figure S38. HRMS (ESI) of para-zinc-porphyrin-HBC 9Zn. 
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Figure S39. 1H-13C HSQC spectrum of para-zinc-porphyrin-HBC 9Zn. 
 
Figure S40. 1H-13C HMBC spectrum of para-zinc-porphyrin-HBC 9Zn. 
SSP

SS
P















0$57,100&'&/+;)*12'(*)*+64&
0$5
6),/(0$55
(;02')*+64&7
,502'75/9
32,17
6$032
)5(48+]
6&$16
'800<
$&470VHF
3'VHF
5*$,1
&/)54+]
&/317
726&1
3:XVHF
3:XVHF
3,PVHF
3,PVHF
2%18&+
2%)540+]
2%6(7+]
7518&&
75)540+]
756(7+]
75$71
7553:XVHF
75%3
75%3
75516
&7(03F
&63('+]
6/917&'&/
33FS
$%63GHJ
$%63GHJ
&33FS
$%6&3GHJ
$%6&3GHJ
5(62/+]
:1'0'
%)+]
*)+]
7
&/562+]
&:1'0'
&%)+]
&*)+]
&7
7+723
7+%70
;(+]
;6+]
&;(+]
&;6+]
HSQC
SSP

SS
P















0$57,100&'&/+;)*12'(*)*+0%&
0$5
6),/(0$55
(;02')*+0%&7
,502'75/9
32,17
6$032
)5(48+]
6&$16
'800<
$&470VHF
3'VHF
5*$,1
&/)54+]
&/317
726&1
3:XVHF
3:XVHF
3,PVHF
3,PVHF
2%18&+
2%)540+]
2%6(7+]
7518&&
75)540+]
756(7+]
75$71
7553:XVHF
75%3
75%3
75516
&7(03F
&63('+]
6/917&'&/
33FS
$%63GHJ
$%63GHJ
&33FS
$%6&3GHJ
$%6&3GHJ
5(62/+]
:1'0'
%)+]
*)+]
7
&/562+]
&:1'0'
&%)+]
&*)+]
&7
7+723
7+%70
;(+]
;6+]
&;(+]
&;6+]
HMBC
10 Appendix – Supporting Information 
 200 
 
 
S59 
 
Figure S41. 1H and 13C NMR spectra of para-free-base-porphyrin-HBC 9FB. 
 
Figure S42. HRMS (APPI) of para-free-base-porphyrin-HBC 9FB. 
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	 S2	
1 General	Information	
	
All	chemicals	were	purchased	from	Sigma-Aldrich	and	used	without	any	further	purification.	
Solvents	were	distilled	prior	to	usage.	Dichloromethane	and	chloroform	were	neutralized	with	
K2CO3	before	distillation.	Thin	layer	chromatography	(TLC)	was	performed	on	Merck	silica	gel	
60	F524,	detected	by	UV-light	(254	nm,	366	nm).	Column	chromatography	and	flash	column	
chromatography	 were	 performed	 on	 Macherey-Nagel	 silica	 gel	 60	 M	 (deactivated,	 230-
400	mesh,	 0.04	–0.063	mm).	NMR	 spectroscopy	was	performed	on	 JEOL	 JNM	EX	400	 (
1
H:	
400	MHz,	
13
C:	101	MHz),	JEOL	Alpha	500	(
1
H:	500	MHz,	
13
C:	126	MHz)	and	Bruker	Avance	400	
(
1
H:	400	MHz,	
13
C:	101	MHz).	Deuterated	solvents	were	purchased	from	Sigma	Aldrich	and	
used	as	received.	Chemical	shifts	are	referenced	to	residual	protic	impurities	in	the	solvents	
(
1
H:	CHCl3:	7.24	ppm,	CHDCl2:	5.32	ppm)	or	the	deuterated	solvent	itself	(
13
C:	CDCl3:	77.0	ppm,	
CD2Cl2:	53.8	ppm).	The	resonance	multiplicities	are	indicated	as	“s“	(singlet),	“d”	(doublet),	“t”	
(triplet),	“q”	(quartet)	and	“m”	(multiplet).	Signals	referred	to	as	“bs”	(broad	singlet)	are	not	
clearly	resolved	or	significantly	broadened.	LDI/MALDI-ToF	mass	spectrometry	was	performed	
either	on	 a	 Shimazu	AXIMA	Confidence	or	 a	Bruker	Ultraflex	 Extreme	machine.	 In	 case	of	
MALDI,	the	following	matrix	were	used:	2,5-dihydroxybenzoic	acid	(DHB),	sinapic	acid	(SIN)	or	
trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile	 (DCTB).	 High	
resolution	mass	spectrometry	was	performed	on	a	ESI/APPI-ToF	mass	spectrometer	Bruker	
maXis	4G	UHR	MS/MS	spectrometer	or	a	Bruker	micrOTOF	 II	 focus	TOF	MS-spectrometer.	
Microwave	reactions	were	carried	out	in	a	mono-mode	microwave	reactor	Biotage	Initiator
+
.	
The	microwave	assisted	reactions	were	carried	out	exclusively	 in	the	fixed	hold	time	mode	
using	an	external	 IR	 temperature	sensor.	UV/Vis	spectroscopy	was	carried	out	on	a	Varian	
Cary	5000	UV-Vis-NIR	spectrometer.	Unless	otherwise	noted,	reactions	were	degassed	by	the	
following	 technique:	 The	 reaction	mixture	was	 sonicated	 at	 25	 °C	 for	 1	min	 under	 vacuo,	
followed	by	a	purge	with	N2-gas.	This	cycle	was	repeated	three	times.	
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2 Experimental	Section	
	
	
4-((4-(Tert-butyl)phenyl)ethynyl)benzaldehyde
[1]
	 and	 	 2,3,4,5-tetrakis(4-(tert-butyl)phenyl)-
cyclopenta-2,4-dien-1-one
[2-3]
	2	were	prepared	according	to	 literature	procedures	reported	
by	our	group.	Dipyrromethane	was	prepared	following	a	procedure	of	Anderson	et	al.
[4]
	and	
3,5-di-tert-butylphenyl-dipyrromethane	was	prepared	according	to	Schuster	et	al.
[5]
	
	
2.1	Synthesis	of	porphyrin	precursors	
The	synthesis	of	porphyrins	1,	1
.
Ni,	15,	15
.
Ni,	16,	16
.
Ni,	17
.
Ni,	9
.
Ni2	was	performed	according	
to	the	previously	reported	protocol.
[1]
		
	
	
	
	 	
N HN
NNH
Ar
Ar
Ar
1
N N
NN
Ar
Ar
Ar Ni
1.Ni
N N
NN
Ar
Ar
Ar INi
15.Ni
N HN
NNH
Ar
Ar
Ar I
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N N
NN
Ar
Ar
Ar SiNi
N N
NN
Ar
Ar
Ar Ni
16.Ni
17.Ni
N HN
NNH
Ar
Ar
Ar Si
16
N N
NN
Ar
Ar
Ar Ni
NN
N N
Ar
Ar
ArNi
9.Ni2
C80H90N4
M = 1107,6280
C68H77IN4
M = 1077,30
C73H86N4Si
M = 1047,60
C80H88N4Ni
M = 1164,3054
C68H75IN4Ni
M = 1133,97
C73H84N4NiSi
M = 1104,2814
C70H76N4Ni
M = 1032,0994
C138H150N8Ni2
M = 2038,1608
Ar =
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	 S4	
General	 procedure	 for	 the	 synthesis	 of	 A3B	 porphyrins.
[1]	 A	 20	 mL	 microwave	 vial	 was	
charged	with	CH2Cl2	(19	mL),	aldehyde	A	(1.50	mmol),	aldehyde	B	(0.50	mmol)	and	pyrrole	
(140	μl,	2.00	mmol).	A	solution	of	I2	(25	mg,	0.10	mmol)	in	CH2Cl2	(1.0	mL)	was	added	to	the	
vial,	it	was	sealed	with	a	septum	and	heated	in	the	microwave	reactor	(20	s	pre	stirring,	5	min	
at	40	°C,	max.	power	100	W).	A	flask	charged	with	para-chloranil	(368	mg,	1.50	mmol)	in	CH2Cl2	
(10	mL)	was	prepared	and	heated	to	reflux.	After	the	microwave	reaction	has	finished,	the	
reaction	mixture	was	poured	into	the	para-chloranil	solution	and	stirred	for	15	min	at	reflux.	
The	reaction	was	performed	two	times.	The	combined	product	mixture	was	adsorbed	on	SiO2	
(approx.	 10	 g)	 and	 separated	 via	 silica	 column	 chromatography	 (hexanes/CH2Cl2	 –	 3:1,	
Ø	6	cm	·	37	cm).	The	second	fraction	was	identified	as	the	desired	A3B	product.		
Yields:	13	–	15	%.	
	
General	procedure	for	the	synthesis	of	nickel	porphyrins.
[1]
	Free	base	porphyrin	(1	equiv),	
Ni(acac)2	(5	equiv)	were	dissolved	in	toluene	(25	–	50	mL)	and	heated	to	reflux	for	90	min.	The	
solvent	was	removed	and	the	product	purified	by	silica	plug	filtration	(hexanes/CH2Cl2	–	1:1).	
The	product	was	obtained	as	a	red-orange	solid.	
	
Nickel-ethynylporphyrin	17
.
Ni.
[1]	TMS	protected	nickel-porphyrin	16.Ni	(137	mg,	124	μmol)	
was	dissolved	in	THF	(15	mL),	a	1	M	TBAF	solution	in	THF	(300	μL,	300	μmol)	was	added	and	
the	reaction	was	stirred	light	protected	for	90	min	at	rt.	The	solvent	was	removed	and	the	
porphyrin	was	purified	by	silica	plug	filtration	(hexanes/CH2Cl2	–	4:1).	The	product	could	be	
obtained	in	78.1	%	yield	(100	mg,	96.9	μmol).	
	
Nickel-porphyrin	dimer	9
.
Ni2.
[1]
	A	20	mL	vial	was	charged	with	nickel-iodo-porphyrin	15.Ni	
(95.5	 mg,	 84.3	 μmol,	 1	 equiv),	 Pd(PPh3)2Cl2	 (3.0	 mg,	 4.3	 μmol,	 0.05	 equiv),	 CuI	 (1.6	 mg,	
8.4	μmol,	0.1	equiv),	NEt3	(2.5	mL)	and	THF	(2.5	mL).	The	vial	was	sealed	with	a	septum,	the	
mixture	degassed	and	stirred	for	10	min	at	rt	before	a	degassed	solution	of-nickel	ethynyl-
porphyrin	17.Ni	(100	mg,	96.9	μmol,	1.15	equiv)	in	THF	(2.5	mL)	was	added	via	syringe	through	
the	septum.	The	reaction	was	heated	to	50	°C	for	20	h	under	the	exclusion	of	light.	The	solvent	
was	removed	and	the	crude	purified	by	column	chromatography	(SiO2,	hexanes/CH2Cl2	–	4:1).	
The	product	was	obtained	as	a	red	solid	in	95.5	%	yield	(164	mg,	80.5	μmol).	
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2.2 Synthesis	of	mono-porphyrin-HBC	6	
	
Scheme	S1.	Synthesis	of	mono-porphyrin-HBC	6.	
Diels	Alder	reaction:	Mono-Porphyrin-HPB	3	
Free	 base	 tolane-porphyrin	 1	 (55	 mg,	 49.3	 µmol,	 1	 equiv)	 and	 tert-butyl	 substituted	
tetracyclone	2	(60	mg,	98.5	µmol,	2	equiv)	were	dissolved	in	Ph2O	(1.0	mL),	purged	with	argon	
and	heated	to	260	°C	for	12h	in	the	microwave	reactor.	The	crude	was	diluted	with	little	CH2Cl2	
and	the	product	was	precipitated	via	addition	of	MeOH	(20	mL).	The	solid	was	filtered	off	and	
washed	 with	 MeOH	 (4	 x	 5	 mL).	 The	 pure	 product	 could	 be	 obtained	 after	 column	
chromatography	(SiO2,	hexanes/CH2Cl2	-	3:1,	Æ	4.5	cm	∙	33	cm)	as	a	purple	solid	in	74.4	%	yield	
(62	mg,	36.7	µmol).		
1
H	NMR	(400	MHz,	CDCl3,	rt):	δ	[ppm]	=	8.91	(d,	J	=	4.8	Hz,	2H),	8.87	(d,	J	=	4.8	Hz,	2H),	8.71	
(d,	J	=	4.8	Hz,	2H),	8.45	(d,	J	=	4.7	Hz,	2H),	8.05	(d,	J	=	1.7	Hz,	6H),	7.78	(t,	J	=	1.8	Hz,	2H),	7.77	
(t,	J	=	1.8	Hz,	1H),	7.69	(d,	J	=	8.0	Hz,	2H),	7.19	(d,	J	=	8.1	Hz,	2H),	7.14	(d,	J	=	8.4	Hz,	4H),	7.01	
(d,	J	=	8.3	Hz,	4H),	6.93	–	6.78	(m,	12H),	1.52	(s,	36H),	1.50	(s,	18H),	1.32	(s,	18H),	1.15	(s,	18H),	
1.14	(s,	9H),	-2.80	(s,	2H).	
13
C	NMR	(101	MHz,	CDCl3,	rt):	δ	[ppm]	=	148.74,	148.68,	148.1,	147.7,	147.6,	141.5,	141.2,	
141.1,	140.9,	140.6,	140.44,	140.39,	138.7,	138.2,	138.0,	137.9,	132.7,	131.6,	131.3,	131.2,	
130.0,	129.8,	129.7,	123.5,	123.24,	123.21,	121.22,	121.20,	120.9,	120.1,	34.96,	34.95,	34.3,	
34.06,	34.04,	31.7,	31.4,	31.2.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	419	(503000),	516	(18900),	551	(10900),	593	(5530),	648	
(5130).	
Fluorescence	(THF):	λexc.	[nm]	=	419,	λemission	[nm]	(rel.	int.)	=	653	(1.00),	719	(0.21).	
MS	(LDI):	m/z	(rel.	int.)	=	1687.01	(M
+
,	100	%).	
HRMS	(APPI,	toluene)	for	C124H142N4	(M
+
),	calc.:	1688.1262,	found:	1688.1281.	
Spectroscopic	 data	 is	 in	 good	 agreement	 with	 the	 literature	 (synthesis	 via	 mixed	
cyclotrimerization	reaction).
[1]
		
N
NH N
HN
Ar Ar
Ar
1
O
N
NH N
HN
Ar Ar
Ar
2
3
N
NH N
HN
Ar Ar
Ar
6
Ph2O, 
260 °C 
µW
FeCl3
CH3NO2
CH2Cl2
74 % 96 %
+
Ar =
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Scholl	Oxidation:	Mono-Porphyrin-HBC	6	
Modified	procedure	from	Jux	et	al.
[6]	
A	50	mL	Schlenk	tube,	 filled	with	porphyrin-HPB	3	 (47	mg,	27.8	µmol,	1	equiv)	and	CH2Cl2	
(30	mL),	was	cooled	with	an	ice	bath.	The	solution	was	degassed	(N2	bubbling	through	the	
solution	for	15	min).	The	N2	flow	was	increased	and	a	solution	of	dry	FeCl3	(130	mg,	0.80	mmol,	
30	equiv)	in	CH3NO2	(0.40	mL)	was	added.	The	N2	flow	was	stopped	15	min	after	FeCl3	was	
added	 and	 the	 solution	 was	 stirred	 under	 slow	 warming	 to	 rt	 for	 8	 h.	 The	 reaction	 was	
quenched	 via	 the	 addition	 of	MeOH	 (10	mL).	 After	 removing	 the	 solvent,	 the	 crude	 was	
dissolved	in	little	CH2Cl2.	NEt3	(1	mL)	was	added	and	the	product	was	purified	by	silica	plug	
filtration	(SiO2,	CH2Cl2).	The	pure	product	was	obtained	in	96.4	%	yield	(45	mg,	26.8	µmol).	
1
H	NMR	(400	MHz,	CDCl3,	rt):	δ	[ppm]	=	10.14	(s,	2H),	9.38	(s,	4H),	9.37	(s,	2H),	9.36	(s,	2H),	
9.31	(s,	2H),	9.07	(d,	J	=	4.8	Hz,	2H),	8.97	(bs,	6H),	8.15	(bs,	6H),	7.82	(t,	J	=	1.8	Hz,	1H),	7.77	(t,	
J	=	1.8	Hz,	2H),	1.87	(s,	9H),	1.85	(s,	18H),	1.60	(s,	18H),	1.55	(s,	18H),	1.51	(s,	36H),	-2.45	(s,	
2H).	
13
C	NMR	(101	MHz,	CDCl3,	rt):	δ	[ppm]	=	149.5,	149.4,	149.3,	148.83,	148.79,	141.4,	141.3,	
140.9,	 130.74,	 130.68,	 130.65,	 130.4,	 130.0,	 129.9,	 129.2,	 127.7,	 125.54,	 124.56,	 124.14,	
124.09,	 121.84,	 121.79,	 121.12,	 121.09,	 120.9,	 120.7,	 119.9,	 119.7,	 119.4,	 119.13,	 119.07,	
35.74,	35.72,	35.65,	35.02,	34.98,	32.00,	31.99,	31.8,	31.72,	31.67.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	357	(151000),	423	(364000),	516	(22800),	551	(11000),	
591	(6380),	648	(5270).	
Fluorescence	(THF):		 λexc.	[nm]	=	357,	λemission	[nm]	(rel.	int.)	=	653	(0.43),	718	(0.11).	
λexc.	[nm]	=	423,	λemission	[nm]	(rel.	int.)	=	652	(1.00),	717	(0.23).	
MS	(MALDI,	DCTB):	m/z	(rel.	int.)	=	1676.11	(M
+
,	100	%).	
HRMS	(APPI,	toluene)	for	C124H130N4	(M
+
),	calc.:	1676.0323,	found:	1676.0377.	
Spectroscopic	data	is	in	good	agreement	with	the	literature.
[6]
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2.3 Synthesis	of	tri	porphyrin	substituted	HBCs	7,	8	
	
Scheme	S2.	Synthesis	of	tri	porphyrin	substituted	HBCs	7,	8.	
Cyclotrimerization	
Nickel-tolane-porphyrin	 1∙Ni	 (156	 mg,	 0.134	 mmol,	 1	 equiv)	 and	 Co2(CO)8	 (4.6	 mg,	
0.013	mmol,	0.1	equiv)	were	dissolved	in	toluene	(2.5	mL),	sealed	with	a	septum	and	degassed	
(N2	 bubbling	 through	 the	 solution	 for	 30	 min).	 After	 degassing,	 approx.	 1	 mL	 of	 solvent	
remained.	 The	 reaction	was	 heated	 (light	 protected)	 to	 140	 °C	 for	 17	 h.	 The	 solvent	was	
removed	 and	 the	 crude	 pre-purified	 by	 silica	 plug	 filtration	 (hexanes/CH2Cl2	 -	 4:1).	 After	
removal	of	the	solvent,	the	mixture	of	the	two	isomers	was	dissolved	in	CH2Cl2	(15	mL)	and	
cooled	with	an	 ice	bath.	Conc.	H2SO4	 (1.5	mL)	was	added	and	 the	 reaction	was	 stirred	 for	
30	min	at	0	°C.	The	acid	was	slowly	quenched	with	NEt3	(10	mL)	and	the	crude	was	poured	on	
a	plug	of	silica	(hexanes/CH2Cl2	-	1:1).	After	removal	of	the	solvent	the	two	isomers	could	be	
separated	by	column	chromatography	 (SiO2,	hexanes/CH2Cl2	 -	2:1,	Æ	4.5	cm	 ∙	33	cm).	The	
major	 isomer,	A2B2AB	5,	was	obtained	 in	68.0	%	yield	 (101	mg,	30.4	µmol)	and	 the	minor	
isomer,	(AB)3	4,	in	12.8	%	yield	(19	mg,	5.7 µmol).	
(AB)3	Free	base	porphyrin-HPB	4	
1
H	NMR	(400	MHz,	CDCl3,	rt):	δ	[ppm]	=	8.98	(d,	J	=	4.7	Hz,	6H),	8.94	(d,	J	=	4.3	Hz,	6H),	8.85	
(d,	J	=	4.5	Hz,	6H),	8.62	(d,	J	=	4.3	Hz,	6H),	8.15	(d,	J	=	1.9	Hz,	12H),	8.11	(d,	J	=	1.9	Hz,	6H),	7.92	
N
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(d,	J	=	8.0	Hz,	6H),	7.88	(d,	J	=	1.8	Hz,	6H),	7.82	(d,	J	=	1.8	Hz,	3H),	7.60	–	7.46	(m,	18H),	1.61	(s,	
135H),	1.55	(s,	54H),	-2.69	(s,	6H).	
13
C	NMR	(101	MHz,	CDCl3,	rt):	δ	[ppm]	=	149.0,	148.84,	148.75,	141.5,	141.3,	141.1,	140.92,	
140.86,	 139.2,	 138.4,	 133.1,	 132.1,	 130.1,	 130.0,	 129.8,	 124.1,	 121.3,	 121.0,	 120.0,	 35.04,	
35.00,	34.7,	31.8,	31.7.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	421	(1350000),	516	(57200),	550	(33400),	593	(18500),	
648	(16800).	
Fluorescence	(THF):	λexc.	[nm]	=	421,	λemission	[nm]	(rel.	int.)	=	653	(1.00),	718	(0.21).	
MS	(MALDI,	DCTB):	m/z	(rel.	int.)	=	3322.84	(M
+
,	100	%).	
HRMS	(ESI,	CH3CN)	for	C240H270N12	(M
2+
),	calc.:	1662.0854,	found:	1662.0841.	
Spectroscopic	 data	 is	 in	 good	 agreement	 with	 the	 literature	 (synthesized	 via	 mixed	
cyclotrimerization	reaction).
[1]
	
	
A2B2AB	Free	base	porphyrin-HPB	5	
1
H	NMR	(400	MHz,	CDCl3,	rt):	δ	[ppm]	=	δ	8.98	–	8.57	(m,	24H),	8.20	–	8.02	(m),	7.96	(s),	7.89	
–	7.76	(m),	7.67	–	7.58	(m),	7.54	–	7.43	(m),	7.41	–	7.27	(m),	7.06	–	6.93	(m),	1.66	–	1.46	(m),	
1.42	(s),	0.62	(s),	-2.73	(s,	2H),	-2.77	(s,	4H).	
13
C	NMR	(101	MHz,	CDCl3,	rt):	δ	[ppm]	=	157.3,	148.74,	148.66,	148.6,	148.51,	148.45,	147.9,	
141.6,	141.5,	141.2,	140.9,	140.6,	139.7,	139.1,	138.4,	138.1,	133.0,	132.8,	132.1,	131.7,	131.3,	
131.1,	130.1,	129.9,	129.73,	129.73,	129.65,	129.0,	127.2,	124.0,	123.8,	123.2,	121.3,	121.11,	
121.07,	120.9,	120.0,	119.7,	119.0,	35.11,	35.08,	35.05,	34.6,	34.5,	34.4,	34.1,	31.82,	31.77,	
31.7,	31.6,	31.4,	30.9.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	420	(1310000),	515	(58200),	549	(30200),	591	(17400),	
648	(15000).	
Fluorescence	(THF):	λexc.	[nm]	=	420,	λemission	[nm]	(rel.	int.)	=	652	(1.00),	717	(0.23).	
MS	(MALDI,	DHB):	m/z	(rel.	int.)	=	3322.38	(M
+
,	100	%).	
HRMS	(ESI,	CH3CN/toluene)	for	C240H270N12	(M
2+
),	calc.:	1662.0854,	found:	1662.0861.	
Spectroscopic	 data	 is	 in	 good	 agreement	 with	 the	 literature	 (synthesized	 via	 mixed	
cyclotrimerization	reaction).
[1]
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(AB)3	Porphyrin-HBC	7	
A	50	mL	Schlenk	tube	was	filled	with	(AB)3	porphyrin-HPB	
4	 (30.2	 mg,	 9.09	 µmol,	 1	 equiv),	 CH2Cl2	 (20	 mL)	 and	
cooled	with	an	ice	bath.	The	solution	was	degassed	(N2	
bubbling	 through	the	solution	 for	15	min).	The	N2	 flow	
was	 increased	 and	 a	 solution	 of	 dry	 FeCl3	 (60	 mg,	
0.37	mmol,	41	equiv)	in	CH3NO2	(0.20	mL)	was	added.	The	
N2	flow	was	stopped	10	min	after	FeCl3	addition	and	the	
reaction	mixture	was	stirred	under	slow	warming	to	rt	for	
19	 h.	 The	 reaction	 was	 quenched	 via	 the	 addition	 of	
MeOH	(10	mL)	and	neutralized	using	NEt3	 (1	mL).	The	solvent	was	removed	and	the	crude	
purified	 by	 silica	 plug	 filtration	 (hexanes/CH2Cl2	 -	 2:1).	 The	 pure	 product	 was	 obtained	 in	
99.0	%	yield	(29.8	mg,	23.0	µmol).	
1
H	NMR	(400	MHz,	CDCl3,	rt):	δ	[ppm]	=	10.30	(s,	6H,	H-26),	9.47	(s,	6H,	H-29),	9.21	(d,	J	=	
4.8	Hz,	6H,	H-21),	9.07	(d,	J	=	4.9	Hz,	6H,	H-20),	9.01	(bs,	12H,	H-9,	H-10),	8.21	(d,	J	=	1.8	Hz,	
12H,	H-14),	8.19	(d,	J	=	1.8	Hz,	6H,	H-5),	7.85	(t,	J	=	1.7	Hz,	3H,	H-1),	7.83	(t,	J	=	1.8	Hz,	6H,	
H-18),	1.58	(s,	54H,	H-2),	1.56	(s,	108H,	H-17),	1.47	(s,	27H,	H-32),	-2.39	(s,	6H,	H-24).	
13
C	NMR	(101	MHz,	CDCl3,	rt):	δ	[ppm]	=	150.3	(C-30),	148.9	(C-15),	148.8	(C-4),	141.5	(C-6),	
141.31	(C-25	or	C-34),	141.28	(C-13),	131.8	(bs,	C-b-pyrr.),	131.6	(bs,	C-b-pyrr.),	131.5	(bs,	C-
b-pyrr.),	130.8	(C-28),	130.0	(C-14),	129.9	(C-5),	129.4	(C-27),	128.0	(C-26),	125.7	(C-33),	125.1	
(C-36),	122.3	(C-35),	121.93	(C-7),	121.86	(C-12),	121.3	(C-25	or	C-34),	121.1	(C-1,	C18),	120.3	
(C-29),	119.8	 (C-23),	35.7(C-31),	35.04	 (C-3),	35.02	 (C-16),	31.74	 (C-32),	31.70	 (C-20,	C-17).	
NMR	signals	were	assigned	with	the	help	of	HSQC	and	HMBC.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	356	(121000),	422	(784000),	432	(808000),	516	(64400),	
551	(31400),	591	(17600),	648	(14500).	
Fluorescence	(THF):	 λexc.	[nm]	=	356,	λemission	[nm]	(rel.	int.)	=	653	(0.22),	714	(0.05).	
λexc.	[nm]	=	422,	λemission	[nm]	(rel.	int.)	=	652	(0.90),	718	(0.21).	
λexc.	[nm]	=	432,	λemission	[nm]	(rel.	int.)	=	652	(1.00),	717	(0.23).	
MS	(MALDI,	DCTB):	m/z	(rel.	int.)	=	3310.35	(M
+
,	100	%).	
HRMS	(ESI,	CH3CN)	for	C240H259N12	(MH
+
),	calc.:	3311.0696,	found:	3311.0641,		
C240H260N12	(H2M
2+
),	calc.:	1656.0385,	found	1656.0372.	
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A2B2AB	Porphyrin-HBC	8	
A	50	mL	Schlenk	tube	was	filled	with	A2B2AB	porphyrin-HPB	5	(80	mg,	24.1	µmol,	1	equiv),	
CH2Cl2	(25	mL)	and	cooled	with	an	ice	bath.	The	solution	was	degassed	(N2	bubbling	through	
the	 solution	 for	 20	min).	 The	N2	 flow	was	 increased	 and	 a	 solution	 of	 dry	 FeCl3	 (112	mg,	
0.691	mmol,	29	equiv)	in	CH3NO2	(0.35	mL)	was	added.	The	N2	bubbling	was	stopped	15	min	
after	FeCl3	addition	and	the	reaction	mixture	was	stirred	under	slow	warming	to	rt	for	17	h.	
The	 reaction	was	 quenched	 via	 the	 addition	 of	MeOH	 (10	mL)	 and	neutralized	 using	NEt3	
(1	 mL).	 The	 solvent	 was	 removed	 and	 the	 crude	 purified	 by	 silica	 plug	 filtration	
(hexanes/CH2Cl2	-	1:1).	The	pure	product	was	obtained	in	95.4%	yield	(76	mg,	23.0	µmol).	
1
H	NMR	(400	MHz,	CDCl3/NEt3,	rt):	δ	[ppm]	=	10.32	(s,	1H),	10.29	(s,	1H),	10.27	(s,	1H),	10.25	
(s,	1H),	10.23	(s,	2H),	9.51	(s,	2H),	9.48	(s,	1H),	9.46	(s,	1H),	9.44	(s,	1H),	9.42	(s,	1H),	9.21	(d,	J	
=	4.6	Hz,	2H),	9.07	(d,	J	=	4.8	Hz,	6H),	9.02	(bs,	4H),	8.94	–	8.78	(m,	12H),	8.33	–	8.17	(m,	6H),	
8.16	–	8.03	(m,	6H),	8.02	–	7.88	(m,	6H),	7.90	–	7.80	(m,	3H),	7.82	–	7.66	(m,	6H),	1.71	(s,	9H),	
1.68	(s,	9H),	1.60	(s,	9H),	1.59	(s,	9H),	1.57	(s,	18H),	1.55	(s,	18H),	1.53	(s,	9H),	1.51	(s,	9H),	1.50	
(s,	18H),	1.48	(s,	18H),	1.45	(s,	9H),	1.45	(s,	9H),	1.43	(s,	9H),	1.38	(s,	36H),	-2.38	(s,	2H),	-2.67	
(s,	2H),	-2.69	(s,	2H).	
13
C	NMR	 (101	MHz,	CDCl3/NEt3,	 rt):	δ	 [ppm]	 =	δ	150.2,	150.0,	 149.9,	148.9,	148.8,	148.6,	
141.5,	141.4,	141.34,	141.28,	141.2,	131.3,	131.1,	130.93,	130.86,	130.7,	130.6,	130.0,	129.9,	
129.8,	129.7,	129.6,	129.49,	129.45,	129.4,	129.2,	129.1,	128.1,	128.01,	127.95,	127.2,	126.6,	
126.1,	126.0,	125.6,	125.1,	124.70,	124.65,	121.99,	121.95,	121.86,	121.86,	121.79,	121.72,	
121.65,	121.61,	121.61,	121.55,	121.51,	121.1,	120.9,	120.3,	120.0,	119.8,	119.4,	118.9,	35.77,	
35.75,	35.68,	35.0,	34.92,	34.90,	34.8,	31.9,	31.7,	31.63,	31.58.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	357	(127000),	420	(722000),	432	(711000),	516	(64900),	
551	(31500),	591	(18700),	648	(15400).	
Fluorescence	(THF):	 λexc.	[nm]	=	357,	λemission	[nm]	(rel.	int.)	=	652	(0.19),	717	(0.05).	
λexc.	[nm]	=	420,	λemission	[nm]	(rel.	int.)	=	652	(0.94),	717	(0.22).	
λexc.	[nm]	=	432,	λemission	[nm]	(rel.	int.)	=	652	(1.00),	717	(0.23).	
MS	(MALDI,	DHB):	m/z	(rel.	int.)	=	3310.35	(M
+
,	100	%).	
HRMS	(MALDI,	DHB)	for	C240H258N12	(M
+
),	calc.:	3310.0625,	found:	3310.0814.	
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2.4 Attempt	to	synthesize	hexa-porphyrin-HBC	11	
	
Scheme	S3.	Attempt	to	synthesize	hexa-porphyrin-HBC	11.	
Hexa-Porphyrin-HPB	10	
Modified	procedure	from	Osuka	et	al.
[7]
,	Gust	et	al.
[8]
	and	Jux	et	al.
[1]
	
	
A	 5	mL	 vial	 was	 charged	with	 nickel-
porphyrin	 dimer	 9
.
Ni2	 (65	 mg,	
31.9	µmol,	1	equiv),	Co2(CO)8	(8.2	mg,	
23.9	 µmol,	 0.75	 equiv),	 toluene	
(2.5	mL)	and	sealed	with	a	septum.	The	
solution	 was	 degassed	 (N2	 bubbling	
through	 the	 solution	 for	 20	min)	 and	
heated	with	an	oil	bath	 to	140	 °C	 for	
19	 h.	 The	 crude	 was	 pre-purified	 by	
silica	 plug	 filtration	 (hexanes/CH2Cl2	 -	
2:1).	After	removal	of	the	solvent,	the	residue	was	dissolved	in	CH2Cl2	(10	mL)	and	cooled	with	
an	ice	bath.	Conc.	H2SO4	(1	mL)	was	added	and	the	reaction	was	stirred	for	60	min	at	0	°C.	The	
acid	 was	 slowly	 quenched	 via	 the	 addition	 of	 NEt3	 (10	 mL)	 and	 the	 inorganic	 salts	 were	
removed	by	silica	plug	filtration	(hexanes/CH2Cl2	-	2:1).	The	product	was	purified	by	column	
chromatography	(SiO2,	hexanes/CH2Cl2	-	2:1,	Æ	3.5	cm	∙	14	cm)	and	obtained	as	a	purple	solid	
in	61.9	%	yield	(38	mg,	6.58	µmol).	
1
H	NMR	(500	MHz,	CDCl3,	rt):	δ	[ppm]	=	8.76	(d,	J	=	4.7	Hz,	12H,	H-b)	8.70	(d,	J	=	4.7	Hz,	12H,	
H-b),	8.60	(d,	J	=	4.8	Hz,	12H,	H-b),	8.45	(d,	J	=	7.5	Hz,	12H,	H-14/15),	8.23	(d,	J	=	7.6	Hz,	12H,	
H-14/15),	8.06	(d,	J	=	1.6	Hz,	12H,	Ar1,	H-19),	7.97	(d,	J	=	4.7	Hz,	12H,	H-b),	7.78	(t,	J	=	1.7	Hz,	
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6H,	Ar1,	H-21),	7.48	(very	broad	signal,	24H,	Ar2,	H-25),	7.04	(s,	12H,	Ar2,	H-27),	1.53	(s,	108H,	
Ar1,	H-23),	1.42	–	-0.30	(very	broad	signal,	216H,	Ar2,	H-29),	-2.86	(s,	12H,	N-H,	H-12).	
13
C	NMR	(126	MHz,	CDCl3,	rt):	δ	[ppm]	=	148.6	(Ar1,	C-20),	147.9	(Ar2,	C-26),	141.74,	141.69,	
140.9,	140.8,	133.5	(C-14/15),	130.8	(C-14/15),	129.6	(Ar1,	C-19),	128.9	(bs,	Ar2,	C-25),	128.7,	
121.0	(Ar1,	Ar2	C-21,	C-27),	120.8,	120.3,	119.4,	35.0	(Ar1,	C-22),	34.1	(bs,	Ar2,	C-28),	31.8	(Ar1,	
C-23),	30.9	(bs,	Ar2,	C-29).	NMR	signals	were	assigned	with	the	help	of	COSY,	HSQC	and	HMBC.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	420	(2700000),	515	(114000),	549	(52000),	591	(32000),	
647	(24100).	
MS	(MALDI,	DHB):	m/z	(rel.	int.)	=	5773.06	(M
+
,	100	%).	
HRMS	 (ESI,	 CH3CN/toluene/formic	 acid)	 for	 C414H462N24	 (MH2
2+
),	 calc.:	 2887.8583,	 found:	
2887.8516.	
Spectroscopic	 data	 is	 in	 good	 agreement	 with	 the	 literature	 (synthesized	 via	 mixed	
cyclotrimerization	reaction).
[1]
	
	
Scholl	oxidation	with	Iron(III)chloride	with	10	
Free-base-hexa-porphyrin-HPB	 10	 (18.0	 mg,	 3.12	 µmol,	 1	 equiv)	 was	 dissolved	 in	 CH2Cl2	
(10	mL),	cooled	with	an	ice	bath	and	degassed	(bubbling	N2	through	the	solution	for	15	min).	
A	solution	of	dry	FeCl3	(60	mg,	370	µmol,	118	equiv)	in	CH3NO2	(0.20	mL)	was	added	and	the	
N2	flow	through	the	solution	was	maintained	for	further	10	min.	The	reaction	was	stirred	for	
20	h	under	slow	warming	to	rt	before	it	was	quenched	with	MeOH	(10	mL)	and	neutralized	
with	NEt3	(1	mL).	The	reaction	mixture	was	purified	by	silica	plug	filtration	(hexanes/CH2Cl2	-	
2:1).	TLC	showed	no	difference	to	starting	material	and	
1
H	NMR	confirmed	that	no	reaction	
has	occurred.	
	
Scholl	oxidation	with	DDQ	and	triflic	acid	with	10	
Modified	procedure	from	Jones	et	al.
[9]
	
Free-base-hexa-porphyrin-HPB	10	(19.0	mg,	3.29	µmol,	1	equiv)	and	DDQ	(6.9	mg,	30.4	µmol,	
9.2	equiv)	were	dissolved	in	CH2Cl2	(3	mL),	cooled	with	an	ice	bath	and	degassed	(N2	bubbling	
through	the	solution	for	15	min).	Triflic	acid	(7	µl,	11.9	mg,	79.0	µmol,	24	equiv)	dissolved	in	
CH2Cl2	 (133	µl)	was	added	and	the	reaction	was	stirred	under	slow	warming	to	rt	for	17	h.	
After	17	h	TLC	showed	no	difference	to	starting	material.	Therefore,	further	triflic	acid	(7	µl,	
11.9	mg,	79.0	µmol,	24	equiv)	dissolved	in	CH2Cl2	(133	µl)	was	added	and	the	reaction	was	
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stirred	 for	 4.5	 h	 at	 rt.	 The	 acid	was	 quenched	with	NEt3	 (1	mL)	 and	 the	 reaction	mixture	
purified	 by	 silica	 plug	 filtration	 (hexanes/CH2Cl2	 –	 2:1).	 The	 reaction	 has	 not	 worked	 and	
18.1	mg	of	starting	material	were	recovered.	
	
Hexa-nickel-porphyrin-HPB	10∙Ni6	
A	50	mL	flask	charged	with	free-base-hexa-porphyrin-HPB	10	(18.1	mg,	3.13	µmol,	1	equiv),	
Ni(acac)2	(24	mg,	94	µmol,	30	equiv)	and	toluene	(5	mL)	was	heated	to	reflux	(heat	on:	140	°C)	
for	 90	 min.	 The	 solvent	 was	 removed	 and	 the	 product	 purified	 by	 silica	 plug	 filtration	
(hexanes/CH2Cl2	–	2:1).	10∙Ni6	was	obtained	as	a	red	solid	in	94.2	%	yield	(18.0	mg,	2.95	µmol).	
1
H	NMR	(400	MHz,	CDCl3,	rt):	δ	[ppm]	=	8.67	(d,	J	=	4.9	Hz,	12H,	H-b),	8.57	(d,	J	=	5.0	Hz,	12H,	
H-b),	8.54	(d,	J	=	5.0	Hz,	12H,	H-b),	8.10	(d,	J	=	7.9	Hz,	12H),	8.06	(d,	J	=	4.9	Hz,	12H,	H-b),	7.95	
(d,	J	=	7.8	Hz,	12H),	7.83	(d,	J	=	1.8	Hz,	12H),	7.69	(t,	J	=	2.0	Hz,	6H),	7.40	(bs,	24H),	7.15	(t,	J	=	
2.0	Hz,	12H),	1.47	(s,	108H),	0.99	–	0.72	(m,	216H).	
UV/Vis	(CH2Cl2):	λ	[nm]	=	417,	528.	
MS	(MALDI,	DCTB):	m/z	(rel.	int.)	=	6114.08	(M
+
,	100	%).	
HRMS	 (ESI,	 CH3CN/toluene/formic	 acid)	 for	 C414H450N24Ni6	 (M
2+
),	 calc.:	 3056.6060,	 found:	
3056.6084.	
	
Scholl	oxidation	with	Iron(III)chloride	with	10∙Ni6	
Hexa-nickel-porphyrin-HPB	 10∙Ni6	 (18.0	 mg,	 2.95	 µmol,	 1	 equiv)	 was	 dissolved	 in	 CH2Cl2	
(20	mL),	cooled	with	an	ice	bath	and	degassed	(N2	bubbling	through	the	solution	for	15	min).	
The	N2	flow	was	increased	and	a	solution	of	dry	FeCl3	(60	mg,	370	µmol,	125	equiv)	in	CH3NO2	
(0.20	mL)	was	added.	The	N2	flow	was	maintained	for	further	10	min	and	the	reaction	stirred	
under	 slow	warming	 to	 rt	 for	 66	 h.	 The	 reaction	was	 quenched	with	MeOH	 (10	mL)	 and	
neutralized	with	NEt3	(1	mL).	The	solvent	was	removed	and	the	crude	was	purified	by	silica	
plug	filtration	(hexanes/CH2Cl2	–	1:1).	MALDI-ToF,	
1
H	NMR	and	UV/Vis	showed	clearly	that	a	
reaction	has	happened.	However,	the	desired	hexa-porphyrin-HBC	was	definitely	not	formed.	
1
H	NMR	(400	MHz,	CDCl3,	rt):	No	sharp	signals.	Only	broad	multiplets.	
UV/Vis	(CH2Cl2):	Broad	absorption	from	l	=	350	nm	to	l	=	600	nm.	
MS	(MALDI,	DCTB):	m/z	(rel.	int.)	=	6097.17	(M
+
,	100	%).	 	
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2.5 Synthesis	of	hexa-porphyrin-HBC	11	via	Suzuki	reaction	
	
Scheme	S4.	Synthesis	of	hexa-porphyrin-HBC	11.	
Hexa(4-iodophenyl)benzene	12	
Modified	procedure	from	Mössinger	et	al.	and	Kobayashi	et	al.
[10-11]
	
Hexaphenylbenzene	 (380	 mg,	 0.71	 mmol,	 1	 equiv)	 was	 dissolved	 in	 CH2Cl2	 (30	 mL)	 and	
degassed.	 [Bis(trifluoroacetoxy)iodo]benzene	 (1.03	g,	2.40	mmol,	3.4	equiv)	and	 I2	 (0.60	g,	
2.63	mmol,	3.3	equiv)	was	added	and	the	reaction	was	stirred	light	protected	at	rt	for	68	h.	
The	product	was	precipitated	via	the	addition	of	hexanes	(50	mL),	filtered	off	and	washed	with	
hexanes.	The	solid	was	dissolved	in	CHCl3,	washed	with	aqueous	10	%	Na2S2O3	(1	x	200	mL),	
sat.	NaCl	solution	(1	x	100	mL)	and	dried	over	Na2SO4.	The	pure	product	could	be	obtained	
after	recrystallization	from	CHCl3/hexanes	(dissolve	in	40	mL	hot	CHCl3	and	precipitate	via	the	
addition	of	50	mL	hexanes)	as	a	white	solid	in	55.0	%	yield	(504	mg,	0.39	mmol).	
1
H	NMR	(400	MHz,	CD2Cl2,	rt):	δ	[ppm]	=	7.27	(d,	J	=	8.4	Hz,	12H),	6.54	(d,	J	=	8.3	Hz,	12H).	
13
C	NMR	(101	MHz,	CD2Cl2,	rt):	δ	[ppm]	=	139.9,	139.7,	136.6,	133.4,	92.1.	
HRMS	(APPI,	toluene/CH2Cl2)	for	C42H24I6	(M
+
),	calc.:	1289.6141,	found:	1289.6150.	
	
Hexa(4-iodo)-peri-hexabenzocoronene	13	
Modified	procedure	from	Müllen	et	al.
[12]	
Hexa(4-iodophenyl)benzene	12	(0.40	g,	0.31	mmol,	1	equiv)	was	dissolved	in	CH2Cl2	(150	mL),	
cooled	with	an	ice	bath	and	degassed	(bubbling	N2	through	the	solution	for	20	min).	A	solution	
of	dry	FeCl3	(1.61	g,	9.93	mmol,	32	equiv)	in	CH3NO2	(4.0	mL)	was	added	and	the	N2	flow	was	
maintained	for	further	20	min.	The	reaction	was	stirred	under	slow	warming	to	rt	for	17	h	and	
quenched	 via	 the	 addition	 of	 MeOH	 (50	 mL).	 The	 insoluble	 product	 was	 filtered	 off	 and	
washed	with	lots	of	MeOH	and	CH2Cl2	until	the	filtrate	was	colourless.	The	product	could	be	
obtained	as	a	brown	insoluble	solid	in	75.0	%	yield	(297	mg,	0.23	mmol).		
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Hexa-Zinc-Porphyrin-HBC	11∙Zn6	
A	 Schlenk	 flask	 was	 charged	 with	
hexa(4-iodo)-HBC	 12	 (10.0	 mg,	
7.82	 µmol,	 1	 equiv),	 boronic-ester-
porphyrin	14
.
Zn	 (50.0	mg,	47.0	µmol,	
6	 equiv),	 Cs2CO3	 (23	 mg,	 70.4	 µmol,	
9	 equiv),	 toluene	 (2	 mL)	 and	 DMF	
(1	 mL).	 The	 reaction	 mixture	 was	
degassed,	Pd(PPh3)4	(5.4	mg,	4.7	µmol,	
0.6	equiv)	was	added	and	the	reaction	
was	heated	with	an	oil	bath	to	80	°C	for	
16	 h.	 The	 solvent	was	 removed	 and	 the	 crude	 purified	 by	 column	 chromatography	 (SiO2,	
hexanes/CH2Cl2	–	2:1,	Æ	5	cm	∙	22	cm).	The	first	band	was	identified	as	the	product	and	was	
further	purified	by	recrystallization	from	CH2Cl2/MeOH.	The	was	obtained	as	a	red-brownish	
solid	in	35.9	%	yield	(17.2	mg,	2.81	µmol).	
1
H	NMR	(500	MHz,	CDCl3,	rt):	δ	[ppm]	=	10.33	(s,	12H,	H-14),	9.15	(d,	J	=	4.7	Hz,	12H,	H-b),	
8.83	(d,	J	=	4.5	Hz,	12H,	H-b),	8.74	(d,	J	=	4.7	Hz,	12H,	H-b),	8.73	(d,	J	=	4.7	Hz,	12H,	H-b),	7.84	
(d,	J	=	1.9	Hz,	12H,	H-19),	7.80	(d,	J	=	1.8	Hz,	24H,	H-25),	7.66	(t,	J	=	1.8	Hz,	12H,	H-27),	7.63	(t,	
J	=	1.9	Hz,	6H,	H-21),	1.36	(s,	324H,	H-23,	H-29).	
13
C	NMR	(126	MHz,	CDCl3,	rt):	δ	[ppm]	=	150.3	(C-a),	150.1	(C-a),	148.3	(C-20),	148.2	(C-26),	
142.7,	141.83,	141.78,	132.5	(C-b),	131.94	(C-b),	131.85	(C-b),	129.4	(C-19,	C-25),	128.3	(C-14),	
126.6,	123.0,	122.4,	120.5	(C-21,	C-27),	119.9,	34.8	(C-22,	C-28),	31.6	(C-29),	31.5	(C-23).	NMR	
signals	were	assigned	with	the	help	of	COSY,	HSQC	and	HMBC.	With	C-a =	C-2,	C-5,	C-7,	C-10	
and	C-b	=	C-3,	C-4,	C-8,	C-9.	
UV/Vis	(THF):	λ	[nm]	(ε	[M
-1
cm
-1
])	=	420	(844000),	438	(1085000),	557	(97500),	597	(36800).	
Fluorescence	(THF):	 λexc.	[nm]	=	355,	λemission	[nm]	(rel.	int.)	=	602	(0.11),	654	(0.09).	
λexc.	[nm]	=	420,	λemission	[nm]	(rel.	int.)	=	602	(0.80),	654	(0.68).	
λexc.	[nm]	=	437,	λemission	[nm]	(rel.	int.)	=	602	(1.00),	654	(0.85).	
MS	(MALDI,	DHB):	m/z	(rel.	int.)	=	6145.57	(M
+
,	100	%).	
HRMS	(ESI,	CH3CN/toluene)	for	C414H438N24Zn6	(M
2+
),	calc.:	3071.0395,	found:	3071.0337.	
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Hexa	free	base	porphyrin-HBC	11	
Hexa-zinc-porphyrin-HBC	11∙Zn6	 (22.8	mg,	 3.71	µmol)	was	 dissolved	 in	 CHCl3	 (10	mL)	 and	
trifluoroacetic	acid	(100	µl,	149	mg,	1.31	mmol)	was	added.	The	reaction	was	stirred	for	60	min	
at	rt.	The	green	solution	was	neutralized	with	NEt3	(1	mL)	and	purified	by	silica	plug	filtration	
(hexanes/CH2Cl2	 –	 2:1).	 After	 recrystallization	 from	 CH2Cl2/MeOH	 the	 pure	 product	 was	
obtained	in	96.8	%	yield	(20.7	mg,	3.59	µmol).	
1
H	NMR	(500	MHz,	CDCl3,	rt):	δ	[ppm]	=	10.33	(s,	12H,	H-14),	9.06	(d,	J	=	4.6	Hz,	12H,	H-b),	
8.74	(d,	J	=	4.7	Hz,	12H,	H-b),	8.70	–	8.56	(m,	24H,	H-b),	7.85	(d,	J	=	1.9	Hz,	12H,	H-19),	7.80	(d,	
J	=	1.8	Hz,	24H,	H-25),	7.69	–	7.61	(m,	18H,	H-21,	H-27),	1.36	(s,	108H,	H-23),	1.34	(s,	216H,	H-
29),	-2.94	(s,	12H,	H-12).	
13
C	NMR	(126	MHz,	CDCl3,	rt):	δ	[ppm]	=	148.5	(C-20,	C-26),	142.2,	141.3,	141.2,	131.2	(bs,	C-
b),	129.5	(C-19,	C-25),	128.6	(C-14),	126.7,	123.0,	121.4,	120.8	(C-21,	C-27),	118.8,	34.8	(C-22,	
C-26),	31.59	(C-29),	31.55	(C-23).	NMR	signals	were	assigned	with	the	help	of	HSQC	and	HMBC.	
UV/Vis	 (THF):	 λ	 [nm]	 (ε	 [M
-1
cm
-1
])	 =	 416	 (1040000),	 432	 (1220000),	 516	 (118000),	 551	
(59500),	591	(32700),	648	(26600).	
Fluorescence	(THF):	 λexc.	[nm]	=	356,	λemission	[nm]	(rel.	int.)	=	650	(0.23),	716	(0.05).	
λexc.	[nm]	=	416,	λemission	[nm]	(rel.	int.)	=	650	(0.83),	716	(0.19).	
λexc.	[nm]	=	432,	λemission	[nm]	(rel.	int.)	=	650	(1.00),	716	(0.23).	
MS	(MALDI,	DCTB):	m/z	(rel.	int.)	=	5766.72	(M
+
,	100	%).	
HRMS	(ESI,	CH3CN/formic	acid)	for	C414H450N24	(MH
2+
),	calc.:	2881.8113,	found:	2881.8151.	
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2.6 Synthesis	of	boronic-ester-porphyrin	14
.
Zn	
Boronic-ester-porphyrin	14
.
Zn	was	prepared	according	to	our	recently	reported	synthetic	procedure.
[3]
		
	
Scheme	S5.	Synthesis	of	boronic-ester-porphyrin	14
.
Zn.
[3]
		
Meso-free-porphyrin	21
[3]
	
Dipyrromethane
[4]
	 (0.88	 g,	 6.00	 mmol,	 1	 equiv),	 3,5	 di-tert-butylphenyl-dipyrromethane
[5]
	
(2.00	g,	6.0	mmol,	1	equiv)	and	3,5	di-tert-butylbenzaldehyde	(2.62	g,	12.00	mmol,	2	equiv)	
were	dissolved	 in	CH2Cl2	 (2	L)	and	degassed	for	15	min	(N2	bubbling	through	the	solution).	
Trifluoroacetic	acid	(0.60	mL,	7.50	mmol,	1.25	equiv)	was	added	and	the	reaction	was	stirred	
for	2	h	at	rt	under	the	exclusion	of	light.	para-Chloranil	(4.43	g,	18	mmol,	3	equiv)	was	added	
and	the	mixture	was	stirred	for	further	1	h	under	air.	The	acid	was	quenched	via	the	addition	
of	 NEt3	 (10	mL),	 the	 solvent	 was	 removed	 and	 the	 crude	 purified	 by	 silica	 plug	 filtration	
(hexanes/CH2Cl2	 –	 1:1,	Æ	 13	 cm).	 Three	 different	 porphyrins	 were	 separated	 by	 column	
chromatography	 (SiO2,	 hexanes/CH2Cl2	 –	 3:1,	Æ	 10	 cm	 ∙	 33	 cm).	 The	 second	 fraction	was	
identified	 as	 the	 desired	 product	 and	 obtained	 in	 16.5	%	 yield	 (864	mg,	 0.99	mmol).	 The	
byproducts	 5,10,15,20-tetrakis(3,5-di-tert-butylphenyl)porphyrin	 and	 5,15-bis(3,5-di-tert-
butylphenyl)-porphyrin	were	 obtained	 in	 5.4	%	 (346	mg,	 0.33	mmol)	 and	 9.6	%	 (397	mg,	
0.58	mmol)	yield,	respectively.	
	
Meso-free-zinc-porphyrin	21
.
Zn
[3]
	
Free-base	 porphyrin	 21	 (243	 mg,	 277	 µmol)	 was	 dissolved	 in	 CHCl3	 (25	 mL),	 a	 saturated	
solution	of	Zn(OAc)2	
.
	2	H2O	in	MeOH	(10	mL)	was	added	and	the	mixture	was	stirred	under	
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light	exclusion	for	18	h	at	rt.	The	solvent	was	removed	under	reduced	pressure	and	the	excess	
zinc	salt	removed	by	silica	plug	filtration	(CH2Cl2).	The	product	was	obtained	in	97.5	%	yield	
(253	mg,	270	µmol).	
	
Bromo-porphyrin	22
.
Zn
[3]
	
N-bromosuccinimide	(43	mg,	240	μmol,	1	equiv),	dissolved	in	CHCl3	(5	mL),	was	added	slowly	
at	rt	to	a	solution	of	porphyrin	21
.
Zn	(225	mg,	240	μmol,	1	equiv)	in	CHCl3	(15	mL)	and	pyridine	
(340	μl).	 The	mixture	was	 stirred	 for	 15	min	at	 rt	 before	 the	 reaction	was	quenched	with	
acetone	 (5	mL).	 The	 solvent	was	 removed	and	 the	 residue	purified	by	 silica	plug	 filtration	
(hexanes/CH2Cl2	-	2:1).	The	product	was	obtained	in	95.8	%	yield	(234	mg,	230	µmol).	
	
Boronic-ester-porphyrin	14
.
Zn
[3]
	
Bromo-porphyrin	22
.
Zn	(204	mg,	200	μmol,	1	equiv),	Pd(PPh3)2Cl2	(7	mg,	10	μmol,	0.05	equiv)	
and	NEt3	(0.50	mL)	were	dissolved	in	dry	1,2	dichloroethane	(25	mL)	in	a	pressure	vial.	The	
reaction	mixture	was	degassed.	Pinacolborane	(242	μl,	213	mg,	1.67	mmol,	8.35	equiv)	was	
added	and	the	pressure	vial	was	sealed.	The	reaction	mixture	was	stirred	for	2.5	h	at	90	°C	
under	exclusion	of	light.	The	solvent	was	removed	and	the	crude	product	purified	by	column	
chromatography	(SiO2,	hexanes/CH2Cl2	-	2:1).	The	product	could	be	obtained	as	a	red	solid	in	
87.0	%	yield	(185	mg,	174	μmol).	 	
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3 Crystallographic	Data	
	
Mono-Porphyrin-HPB	3		
	
Single	 crystals	of	mono-porphyrin-HPB	3	were	 crystalized	 from	benzene/MeOH.	A	 suitable	
crystal	 was	 selected	 and	 mounted	 on	 a	 loop	 on	 a	 SuperNova,	 Dual,	 Cu	 at	 zero,	
Atlas	 diffractometer	 by	 Agilent	 Technologies	 GmbH.	 The	 crystal	was	 kept	 at	 153.00(10)	 K	
during	data	collection.	Using	Olex2
[13]
	,	the	structure	was	solved	with	the	ShelXT
[14]
		structure	
solution	program	using	Intrinsic	Phasing	and	refined	with	the	ShelXL
[15]
	refinement	package	
using	Least	Squares	minimization	
	
	
Figure	 S1.	 Crystal	 structure	 of	 mono-porphyrin-HPB	 3;	 ORTEP	 representation	 with	 thermal	 ellipsoids	 drawn	 at	 a	 50	 %	
probability;	b)	side	view	of	four	molecules	of	3;	c)	top	view	of	two	molecules	of	3;	b),	c)	3,5-di-tert-butylphenylene	groups	
and	hydrogens	are	omitted	for	clarity.	Structure	was	measured	by	Frank	Hampel,	e-mail:	frank.hampel@fau.de.	
		
	 	
5.7	Å
3.5	Å
5.4	Å
a) b)
c)
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Table	S1	Crystal	data	and	structure	refinement	for	17Jux_MM01.	
Identification	code	 17Jux_MM01	
Empirical	formula	 C148H166N4	
Formula	weight	 2000.84	
Temperature/K	 153.00(10)	
Crystal	system	 triclinic	
Space	group	 P-1	
a/Å	 11.8274(7)	
b/Å	 19.4515(12)	
c/Å	 28.0585(15)	
α/°	 96.691(5)	
β/°	 91.170(4)	
γ/°	 93.281(5)	
Volume/Å3	 6398.3(6)	
Z	 2	
ρcalcg/cm
3	 1.039	
μ/mm-1	 0.441	
F(000)	 2164.0	
Crystal	size/mm3	 0.309	×	0.251	×	0.16	
Radiation	 CuKα	(λ	=	1.54184)	
2Θ	range	for	data	collection/°	 7.49	to	146.102	
Index	ranges	 -14	≤	h	≤	14,	-23	≤	k	≤	23,	-24	≤	l	≤	34	
Reflections	collected	 38704	
Independent	reflections	 24307	[Rint	=	0.0412,	Rsigma	=	0.0580]	
Data/restraints/parameters	 24307/430/1390	
Goodness-of-fit	on	F2	 1.046	
Final	R	indexes	[I>=2σ	(I)]	 R1	=	0.0755,	wR2	=	0.2072	
Final	R	indexes	[all	data]	 R1	=	0.1153,	wR2	=	0.2464	
Largest	diff.	peak/hole	/	e	Å-3	 0.52/-0.45	
CCDC	No.	 1904188	
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Mono-Porphyrin-HBC	6		
	
Single	crystals	of	mono-porphyrin-HBC	6	were	crystalized	from	CHCl3/MeOH.	A	suitable	crystal	
was	selected	and	mounted	on	a	loop	on	a	SuperNova,	Dual,	Cu	at	zero,	Atlas	diffractometer	
by	Agilent	Technologies	GmbH.	The	crystal	was	kept	at	153.00(10)	K	during	data	collection.	
Using	Olex2
[13]
	,	the	structure	was	solved	with	the	ShelXT
[14]
		structure	solution	program	using	
Intrinsic	 Phasing	 and	 refined	 with	 the	 ShelXL
[15]
	 refinement	 package	 using	 Least	 Squares	
minimization	
	
A	single	crystal	X-ray	structure	of	mono-porphyrin-HBC	6	(CCDC-No.:	1818692),	grown	from	
toluene/MeOH,	was	recently	reported	by	our	group.
[6]
	This	structure	shows,	similar	to	the	one	
reported	here,	the	formation	of	dimers	in	the	solid	state.	Therefore,	p-p	interactions	between	
the	HBC	planes	seem	to	be	an	important	driving	force	for	crystal	packing,	no	matter	if	crystals	
were	grown	from	aromatic	(toluene)	or	chlorinated	(CHCl3)	solvents. 
	
	
Figure	 S2.	 Crystal	 structure	 of	 mono-porphyrin-HBC	 6;	 ORTEP	 representation	 with	 thermal	 ellipsoids	 drawn	 at	 a	 50	 %	
probability;	b)	side	view	of	two	molecules	of	6;	c)	top	view	of	two	molecules	of	6;	b),	c)	3,5-di-tert-butylphenylene	groups	
and	hydrogens	are	omitted	for	clarity.	Structure	was	measured	by	Frank	Hampel,	e-mail:	frank.hampel@fau.de.	
	
	 	
a) b)
c)
3.5	Å
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Table	S2	Crystal	data	and	structure	refinement	for	16Jux_MM01_2.	
Identification	code	 16Jux_MM01_2	
Empirical	formula	 C124H130N4	
Formula	weight	 1676.31	
Temperature/K	 153.00(10)	
Crystal	system	 triclinic	
Space	group	 P-1	
a/Å	 13.1561(5)	
b/Å	 20.0170(7)	
c/Å	 22.4974(8)	
α/°	 107.791(3)	
β/°	 100.771(3)	
γ/°	 102.788(3)	
Volume/Å3	 5290.6(3)	
Z	 2	
ρcalcg/cm
3	 1.052	
μ/mm-1	 0.451	
F(000)	 1804.0	
Crystal	size/mm3	 0.179	×	0.101	×	0.081	
Radiation	 CuKα	(λ	=	1.54184)	
2Θ	range	for	data	collection/°	 7.272	to	123.216	
Index	ranges	 -14	≤	h	≤	14,	-22	≤	k	≤	19,	-25	≤	l	≤	25	
Reflections	collected	 23982	
Independent	reflections	 15678	[Rint	=	0.0541,	Rsigma	=	0.0589]	
Data/restraints/parameters	 15678/30/1188	
Goodness-of-fit	on	F2	 1.071	
Final	R	indexes	[I>=2σ	(I)]	 R1	=	0.0812,	wR2	=	0.2299	
Final	R	indexes	[all	data]	 R1	=	0.1099,	wR2	=	0.2602	
Largest	diff.	peak/hole	/	e	Å-3	 0.41/-0.40	
CCDC-No.	 1904187	
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(AB)3	Porphyrin-HPB	4		
	
Dark	brown	crystals	of	compound	4	for	X-ray	diffraction	analysis	were	grown	in	a	mixture	of	
toluene	and	MeOH.	A	suitable	crystal	of	4	was	selected,	embedded	 in	 inert	perfluoropoly-
alkylether	 (viscosity	 1800	 cSt;	 ABCR	 GmbH)	 and	 mounted	 using	 a	 Hampton	 Research	
CryoLoop.	The	selected	crystal	was	then	flash	cooled	to	100	K	in	a	nitrogen	gas	stream	and	
kept	at	this	temperature	during	the	experiment.	The	crystal	structure	of	4	was	measured	on	
a	SuperNova,	Dual,	Cu	at	zero,	AtlasS2	diffractometer.	The	selected	crystal	diffracted	weakly	
and	only	a	substandard	dataset	could	be	obtained	(resolution	1.1	Å).	Nevertheless,	the	data	
was	sufficient	to	establish	the	connectivity	of	the	atoms	in	4	(see	Figure	S3a	below)	and	the	
packing	of	the	molecules	within	the	crystal	(see	Figure	S	3b),	but	precludes	detailed	discussion	
of	bond	lengths	and	angles.	The	data	was	processed	with	the	CrysAlisPro	(v38.46)	software	
package.[16]	Using	Olex2,[13]	 the	 structure	was	 solved	with	 the	 ShelXT[14]	 structure	 solution	
program	using	Intrinsic	Phasing	and	refined	with	the	ShelXL[15]	refinement	package	using	Least	
Squares	minimization.	All	non-hydrogen	atoms	were	refined	with	anisotropic	displacement	
parameters.	All	hydrogen	atoms	were	placed	in	 ideal	positions	and	refined	as	riding	atoms	
with	relative	isotropic	displacement	parameters.	The	disorder	of	14	of	the	t-butyl	groups	was	
modelled	with	additional	similarity	restraints	(SIMU,	SADI)	and	rigid	bond	restraints	(RIGU[17]).		
The	 positions	 of	 the	 co-crystallized	 solvent	 molecules	 were	 only	 partially	 observed	 (2.8	
toluene)	and	refined.		
Most	 solvent	 molecules	 incorporated	 in	 the	 crystal	 of	 4	 were	 found	 to	 be	 disordered.	 A	
suitable	disorder	model	for	all	other	disordered	solvent	molecules	(toluene	+	MeOH)	could	
not	 be	 build.	 Therefore,	 their	 contribution	 to	 the	 structure	 factors	 was	 secured	 by	 back-
Fourier	 transformation	 using	 the	 solvent	 mask	 routine[18-19]	of	 the	 program	 Olex2.[13]	 The	
solvent	 accessible	 voids	 treated	 this	 way	 had	 a	 size	 of	 2365.0	 Å3/unit	 cell	 (18.9%)	 and	
contained	 484.8electrons/unit	 cell.	 Table	 S3	 summarizes	 the	 crystallographic	 data	 and	
structure	refinement	details.		
Due	to	insufficient	quality,	the	data	has	not	been	deposited	at	the	CCDC	but	can	be	obtained	
from	the	authors	(jens.langer@fau.de).	
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Figure	S3.	Structural	motif	of	tri-porphyrin-HPB	4;	ORTEP	representation	with	thermal	ellipsoids	drawn	at	a	50	%	
probability;	b)	top	view	of	two	molecules	of	4;	c)	side	view	of	two	molecules	of	4;	b),	c)	3,5-di-tert-butylphenylene	groups	
and	hydrogens	are	omitted	for	clarity.	Structure	was	measured	by	Jens	Langer,	e-mail:	jens.langer@fau.de.	
	
Table	S3	Crystal	data	and	structure	refinement	for	(AB)3	Porphyrin-HPB	
4·2.8(Toluene)[+disordered	solvent]		
Identification	code		 hasj180126a_SB		
Empirical	formula		 C259.57H292.37N12	[+	disordered	solvent]	
Formula	weight		 3580.25		
Temperature/K		 100.0(2)		
Crystal	system		 triclinic		
Space	group		 P-1		
a/Å		 19.4226(8)		
b/Å		 23.1904(10)		
c/Å		 31.8346(10)		
α/°		 105.824(3)		
β/°		 92.113(3)		
γ/°		 113.192(4)		
Volume/Å3		 12510.8(9)		
Z		 2		
ρcalcg/cm
3		 0.950		
μ/mm-1		 0.409		
F(000)		 3868.0		
Crystal	size/mm3		 0.664	×	0.092	×	0.053		
Radiation		 CuKα	(λ	=	1.54184)		
2Θ	range	for	data	collection/°		 7.06	to	89.952		
Index	ranges		 -15	≤	h	≤	17,	-21	≤	k	≤	20,	-29	≤	l	≤	27		
Reflections	collected		 33097		
a) b)
c)
≈	8.0	Å
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Independent	reflections		 19805	[Rint	=	0.0290,	Rsigma	=	0.0525]		
Data/restraints/parameters		 19805/2437/3053		
Goodness-of-fit	on	F2		 1.034		
Final	R	indexes	[I>=2σ	(I)]		 R1	=	0.0802,	wR2	=	0.2185		
Final	R	indexes	[all	data]		 R1	=	0.1011,	wR2	=	0.2422		
Largest	diff.	peak/hole	/	e	Å-3		 0.60/-0.29		
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Hexa-Zinc-Porphyrin-HBC	11
.
Zn6	
	
Crystals,	 suitable	 for	 XRD,	 were	 grown	 from	 benzene/MeOH	 solutions.	 Data	 on	
11
.
Zn6·6MeOH·2C6H6	were	 collected	 at	 Beamline	 I19	 of	 Diamond	 Light	 Source	 employing	
silicon	 double	 crystal	 monochromated	 synchrotron	 radiation	 (0.6889	 Å)	 with	 ω	 scans	 at	
100(2)	K.[20]	Data	integration	and	reduction	were	undertaken	with	CrysalisPro.[21]	Subsequent	
computations	were	 carried	out	using	 the	WinGX-32	graphical	 user	 interface.[22]	Multi-scan	
empirical	absorption	corrections	were	applied	to	the	data	using	SADABS.[23]	The	structure	was	
solved	 by	 direct	 methods	 using	 SHELXT-2014[14]	 then	 refined	 and	 extended	 with	 SHELXL-
2018.[15]	 In	 general,	 non-hydrogen	 atoms	with	 occupancies	 greater	 than	 0.5	were	 refined	
anisotropically.	 Carbon-bound	 hydrogen	 atoms	 were	 included	 in	 idealized	 positions	 and	
refined	using	a	riding	model.	Disorder	was	modelled	using	standard	crystallographic	methods	
including	constraints,	restraints	and	rigid	bodies	where	necessary.		
	
The	crystals	employed	were	small	and	weakly	diffracting	and	few	reflections	at	greater	than	
1.2	Å	resolution	were	observed	despite	the	use	of	synchrotron	radiation.	Nevertheless,	the	
quality	of	the	data	is	far	more	than	sufficient	to	establish	the	connectivity	of	the	structure.	
The	 asymmetric	 unit	 was	 found	 to	 contain	 half	 of	 the	 molecule	 and	 associated	 solvent	
molecules.	
	
Reflecting	the	weakly	diffracting	nature	of	the	sample	there	is	a	very	high	level	of	disorder	and	
thermal	motion	within	the	structure.	One	entire	porphyrin	group	was	modelled	as	disordered	
over	 two	 positions	 with	 occupancies	 of	 0.569/0.431.	 The	 remaining	 3,5-di-tert-
butylphenylene	substituents	all	displayed	evidence	of	disorder	and	were	each	modelled	as	
disordered	over	two	locations.	Due	to	the	less	than	ideal	resolution,	extensive	restraints	were	
required	to	facilitate	realistic	modelling	of	these	disordered	groups.	The		GRADE	program[24]	
was	employed	using	the	GRADE	Web	Server[25]	 to	generate	a	 full	set	of	bond	distance	and	
angle	 restraints	 (DFIX,	 DANG,	 FLAT)	 for	 the	 disordered	 portions	 of	 the	 structure.	 Thermal	
parameter	 restraints	 (SIMU,	 RIGU)	 were	 applied	 to	 all	 atoms	 except	 for	 zinc	 to	 facilitate	
anisotropic	refinement.	Most	of	the	disordered	groups	were	modelled	with	isotropic	thermal	
parameters.	 Even	 with	 these	 restraints	 the	 thermal	 parameters	 of	 the	 3,5-di-tert-
butylphenylene	substituents	are	 larger	than	 ideal	resulting	 in	high	Uiso	min/max	ratios.	The	
10 Appendix – Supporting Information 
 230 
	S27	
thermal	motion	results	in	part	from	the	presence	of	dynamic	disorder	in	these	groups	which	
was	not	modelled.	
	
Further	reflecting	the	poor	diffraction	properties	there	is	a	significant	amount	of	void	volume	
in	the	lattice	containing	smeared	electron	density	from	disordered	solvent.	Consequently	the	
SQUEEZE[18]	function	of	PLATON[26]	was	employed	to	remove	the	contribution	of	the	electron	
density	associated	with	highly	disordered	solvent	which	gave	a	potential	solvent	accessible	
void	of	13939.9	Å3	per	unit	cell	(a	total	of	approximately	2687	electrons).	Since	the	diffuse	
solvent	molecules	could	not	be	assigned	conclusively	to	benzene	or	methanol	they	were	not	
included	 in	 the	 formula.	 Consequently,	 the	molecular	weight	 and	density	 given	below	are	
likely	to	be	slightly	underestimated.	
	
	
	
Figure	S4.	a)	Structural	motif	of	hexa-zinc-porphyrin-HBC	11∙Zn6	with	MeOH	coordinated	to	each	central	zinc	atom;	ORTEP	
representation	 with	 thermal	 ellipsoids	 drawn	 at	 a	 40	 %	 probability;	 disorder	 is	 omitted	 for	 clarity	 b)	 top	 view	 of	 eight	
molecules	11∙Zn6;	c)	side	view	of	four	molecules	11∙Zn6;	b),	c)	3,5-di-tert-butylphenylene	groups	and	hydrogens	are	omitted	
for	clarity.	Structure	was	measured	by	Tanya	K.	Ronson,	e-mail:	tr352@cam.ac.uk.	
	 	
a) b)
c)
≈	13	Å
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Table	S4	Crystal	data	and	structure	refinement	for	
mm1_sq_without_MeOH.	
Identification	code	 mm1_sq_without_MeOH	
Empirical	formula	 C432H474N24O6Zn6	
Formula	weight	 6490.54	
Temperature/K	 100(2)	
Crystal	system	 monoclinic	
Space	group	 C2/c	
a/Å	 52.675(5)	
b/Å	 33.2176(14)	
c/Å	 30.9272(14)	
α/°	 90	
β/°	 102.838(7)	
γ/°	 90	
Volume/Å3	 52762(6)	
Z	 4	
ρcalcg/cm
3	 0.817	
μ/mm-1	 0.287	
F(000)	 13848.0	
Crystal	size/mm3	 0.08	×	0.02	×	0.01	
Radiation	 Synchrotron	(λ	=	0.6889)	
2Θ	range	for	data	collection/°	 2.972	to	33.5	
Index	ranges	 -44	≤	h	≤	44,	-27	≤	k	≤	27,	-25	≤	l	≤	25	
Reflections	collected	 50471	
Independent	reflections	 15956	[Rint	=	0.0517,	Rsigma	=	0.0669]	
Data/restraints/parameters	 15956/5537/2348	
Goodness-of-fit	on	F2	 1.050	
Final	R	indexes	[I>=2σ	(I)]	 R1	=	0.1589,	wR2	=	0.3916	
Final	R	indexes	[all	data]	 R1	=	0.2028,	wR2	=	0.4321	
Largest	diff.	peak/hole	/	e	Å-3	 0.58/-0.39	
CCDC	No.	 1903856	
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Hexa-Free-Base-Porphyrin-HBC	11	
	
Black	 crystals	 of	 compound	 11	 for	 X-ray	 diffraction	 analysis	 were	 grown	 by	 chance	 of	 an	
unknown	 solvent	mixture.	 A	 crystal	 of	11	was	 selected,	 embedded	 in	 inert	 perfluoropoly-
alkylether	 (viscosity	 1800	 cSt;	 ABCR	 GmbH)	 and	 mounted	 using	 a	 Hampton	 Research	
CryoLoop.	The	selected	crystal	was	flash	cooled	to	100	K	in	a	nitrogen	gas	stream	and	kept	at	
this	 temperature	 during	 the	 experiment.	 The	 crystal	 structure	 of	 11	was	 measured	 on	 a	
SuperNova,	Dual,	Cu	at	zero,	AtlasS2	diffractometer.	The	selected	crystal	diffracted	weakly	
and	only	a	substandard	dataset	could	be	obtained	(resolution	1.0	Å).	Nevertheless,	the	data	
was	sufficient	to	establish	the	connectivity	of	the	atoms	in	11	(see	Figure	S5a	below)	and	the	
packing	of	the	molecules	within	the	crystal	(see	Figure	S5b),	but	precludes	detailed	discussion	
of	bond	lengths	and	angles.	The	crystal	under	investigation	was	an	inversion	twin.	The	data	
was	processed	with	the	CrysAlisPro	(v38.46)	software	package.17	Using	Olex2,[13]	the	structure	
was	solved	with	the	ShelXT[14]	structure	solution	program	using	Intrinsic	Phasing	and	refined	
with	the	ShelXL[15]	 refinement	package	using	Least	Squares	minimization.	All	non-hydrogen	
atoms	 were	 refined	 with	 anisotropic	 displacement	 parameters.	 All	 hydrogen	 atoms	 were	
placed	 in	 ideal	 positions	 and	 refined	 as	 riding	 atoms	with	 relative	 isotropic	 displacement	
parameters.	Rigid	bond	restraints	(RIGU[17])	and	similarity	restraints	(SIMU)	were	placed	on	
the	whole	structure	to	ensure	a	stable	refinement.	Almost	all	t-butyl	groups	showed	signs	of	
disorder	and	required	additional	similarity	restraints	(SADI,	SIMU),	distance	restraints	(DANG)	
and	one	ISOR	restraint	to	maintain	reasonable	geometries	and	thermal	ellipsoids.	In	two	out	
of	three	cases,	where	a	disorder	model	was	introduced,	the	two	alternative	orientations	of	
the	t-Bu	group	were	refined	as	rigid	groups.	The	idealized	geometry	of	the	t-Bu	group	was	
taken	from	Guzei’s	 ‘Idealized	Molecular	Geometry	Library’.[27]	The	two	orientations	of	a	
disordered	substituted	phenyl	group	were	modelled	as	rigid	hexagons	(AFIX	66).		
The	solvent	molecules	incorporated	in	the	crystal	of	11	were	found	to	be	heavily	disordered.	
Therefore,	 their	 contribution	 to	 the	 structure	 factors	 was	 secured	 by	 back-Fourier	
transformation	 using	 the	 solvent	mask	 routine[18-19]	 of	 the	 program	Olex2.[13]	 	 The	 solvent	
accessible	voids	 treated	 this	way	had	a	 size	of	75351.6	Å3/unit	 cell	 (59.1%)	and	contained	
10120.7	 electrons/unit	 cell.	 Table	 S5	 summarizes	 the	 crystallographic	 data	 and	 structure	
refinement	details.		
Due	to	insufficient	quality,	the	data	has	not	been	deposited	at	the	CCDC,	but	can	be	obtained	
from	the	authors	(jens.langer@fau.de).	
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Figure	S5.	a)	Structural	motif	of	hexa-free-base-porphyrin-HBC	11;	ORTEP	representation	with	thermal	ellipsoids	drawn	at	a	
50	%	probability;	b)	top	view	of	eight	molecules	of	11;	c)	side	view	of	four	molecules	of	11;	b),	c)	3,5-di-tert-butylphenylene	
groups	and	hydrogens	are	omitted	for	clarity.	Structure	was	measured	by	Jens	Langer,	e-mail:	jens.langer@fau.de.	
Table	S5	Crystal	data	and	structure	refinement	for	Hexa-Free-Base-Porphyrin-HBC	11	
[+disordered	solvent].		
Identification	code		 hasj180413b_SB_1		
Empirical	formula		 C414H450N24	[+disordered	solvent]	
Formula	weight		 5761.92		
Temperature/K		 100.0(2)		
Crystal	system		 hexagonal		
Space	group		 P622		
a/Å		 60.1634(5)		
b/Å		 60.1634(5)		
c/Å		 40.6595(4)		
α/°		 90		
β/°		 90		
γ/°		 120		
Volume/Å3		 127455(2)		
Z		 8.00004		
ρcalcg/cm
3		 0.601		
μ/mm-1		 0.262		
F(000)		 24816.0		
Crystal	size/mm3		 0.672	×	0.511	×	0.457		
Radiation		 CuKα	(λ	=	1.54184)		
2Θ	range	for	data	collection/°		 6.116	to	101.996		
Index	ranges		 -59	≤	h	≤	60,	-60	≤	k	≤	37,	-22	≤	l	≤	40		
a) b)
c)
≈	21	Å
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Reflections	collected		 182559		
Independent	reflections		 45376	[Rint	=	0.0615,	Rsigma	=	0.0351]		
Data/restraints/parameters		 45376/14649/2699		
Goodness-of-fit	on	F2		 1.062		
Final	R	indexes	[I>=2σ	(I)]		 R1	=	0.1305,	wR2	=	0.3249		
Final	R	indexes	[all	data]		 R1	=	0.1645,	wR2	=	0.3723		
Largest	diff.	peak/hole	/	e	Å-3		 0.75/-0.41		
Flack	parameter	 0.6(5)	
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4 Calculations	
	
Calculations	on	the	semi-empirical	(Figure	S6)	and	DFT	(Figure	S7)	level	were	performed	and	
showed	that	protonation	of	the	porphyrins	seems	to	be	an	important	part	of	successful	HBC	
formation.	A	comparison	between	mono-porphyrin-HPB	3	and	hexa-porphyrin-HPB	10	is	given	
in	 Figure	 S6,	 with	 representations	 of	 the	 highest	 occupied	 molecular	 orbital	 (HOMO)	
distributions.	The	structures	were	calculated	with	the	porphyrins	in	their	free-base	form	4	and	
10	as	well	as	in	their	mono-protonated	form	4∙H
+	
and
	
(10∙H6)
6+
.	In	the	case	of	mono-porphyrin-
HPB	3	protonation	leads	to	a	shift	of	the	HOMO	onto	the	HPB	core.	For	the	protonated	form	
of	hexa-porphyrin-HPB	(10∙H6)
6+
	on	the	other	hand,	 this	shift	was	not	observed	and	only	a	
small	portion	of	the	HOMO	is	located	on	the	HPB	core.	Therefore,	the	HOMO	location	can	be	
considered	as	the	point	of	preferred	oxidation,	leading	to	a	successful	HBC	formation	only	for	
mono-porphyrin-HPB	4.	
	
	
Figure	S6.	Geometry	optimized	structures	(semi	empirical,	PM6)
[28]
	of	mono-porphyrin-HPB	3	and	hexa-porphyrin-HPB	10	
with	representation	of	highest	occupied	molecular	orbitals	(HOMOs).	a),	c)	Each	porphyrin	is	in	its	free-base	form	(H2Por);	b),	
c)	 each	 porphyrin	 is	 mono-protonated	 (H3Por
+
).	 	 tBu	 groups	 were	 replaced	 by	 H-atoms	 to	 save	 calculation	 cost.	 DFT	
calculations	on	the	level	of	B3LYP	631Gs	were	performed	as	well	and	showed	similar	behavior	(Figure	S7).	Due	to	limited	
calculation	performance,	hexa-porphyrin-HPB	10	was	not	calculated	using	DFT	methods.	
a) b)
c) d)
free-base	porphyrins	H2Por protonated	porphyrins	H3Por
+
z	=	0
z	=	0
z	=	+1	
z	=	+6
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Figure	S7.	Representation	of	HOMO	and	HOMO-1	of	mono-porphyrin-HPB	3	in	its	neutral,	mono-	and	di-protonated	form.	
	
Figure	S8.	Representation	of	HOMO	and	HOMO-1	of	mono-porphyrin-HPB	3	in	its	neutral,	mono-	and	di-protonated	form.	
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Figure	S9.	Representation	of	HOMO	and	HOMO-1	of	(AB)3-tri-porphyrin-HPB	4.	Each	porphyrin	is	in	its	neutral,	mono-	and	
di-protonated	form.	
	
Figure	S10.	Representation	of	HOMO	and	HOMO-1	of	hexa-porphyrin-HPB	10.	Each	porphyrin	is	in	its	neutral,	mono-	and	
di-protonated	form.	
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5 Spectral	Appendix	
	
Figure	S11.	Comparison	of	UV/Vis	absorption	spectra
[29]
	of	molecules	7,	8	and	literature	known	ortho-,	meta-,	para-bis-
porphyrin-HBCs
[3]
	in	THF.	
	
	
Figure	S12.	Fluorescence	spectra
[29]
	of	porphyrin-HBCs	3,	4,	5	and	11	in	THF.	
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Figure	S13.	
1
H	and	
13
C	NMR	of	free	base	tolane	porphyrin	1	
	
Figure	S14.	HRMS	(APPI)	of	free	base	tolane	porphyrin	1.	
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Figure	S15.	
1
H	and	
13
C	NMR	of	mono-porphyrin-HPB	3.	
	
	
Figure	S16.	HRMS	(APPI)	of	mono-porphyrin-HPB	3.	
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Figure	S17.	
1
H	and	
13
C	NMR	of	mono-porphyrin-HBC	6.	
	
Figure	S18.		HRMS	(APPI)	of	mono-porphyrin-HBC	6.	
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Figure	S19.
	1
H	and	
13
C	NMR	of	nickel-tolane-porphyrin1
.
Ni.	
	
Figure	S20.	HRMS	(APPI)	of	nickel-tolane-porphyrin1
.
Ni.	
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Figure	S21.
	1
H	and	
13
C	NMR	of	(AB)3-tri-porphyrin-HPB	4.	
	
	
Figure	S22.	
1
H-
13
C-HSQC	of	(AB)3-tri-porphyrin-HPB	4.	
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Figure	S23.	
1
H-
13
C-HMBC	of	(AB)3-tri-porphyrin-HPB	4.	
	
Figure	S24.	HRMS	(ESI)	of	(AB)3-tri-porphyrin-HPB	4.	
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Figure	S25.	
1
H	and	
13
C	NMR	of	A2B2AB-tri-porphyrin-HPB	5.	
	
	
Figure	S26.	HRMS	(ESI)	of	A2B2AB-tri-porphyrin-HPB	5.	
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Figure	S27.	
1
H	and	
13
C	NMR	of	(AB)3-tri-porphyrin-HBC	7.	
	
Figure	S28.	
1
H-
13
C-HSQC	of	(AB)3-tri-porphyrin-HBC	7.	
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Figure	S29.	
1
H-
13
C-HMBC	of	(AB)3-tri-porphyrin-HBC	7.	
	
	
Figure	S30.	HRMS	(ESI)	of	(AB)3-tri-porphyrin-HBC	7.	
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Figure	S31.	
1
H	and	
13
C	NMR	of	A2B2AB-tri-porphyrin-HBC	8.	
	
Figure	S32.	HRMS	(MALDI)	of	A2B2AB-tri-porphyrin-HBC	8.	
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Figure	S33.	
1
H	and	
13
C	NMR	of	nickel	porphyrin	dimer	9
.
Ni2.	
	
Figure	S34.	HRMS	(APPI)	of	nickel	porphyrin	dimer	9
.
Ni2.	
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Figure	S35.	
1
H	and	
13
C	NMR	of	hexa-porphyrin-HPB	10.	
	
Figure	S36.	
1
H-
1
H	COSY	of	hexa-porphyrin-HPB	10.	
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Figure	S37.	
1
H-
13
C-HSQC	of	hexa-porphyrin-HPB	10.	
	
Figure	S38.	
1
H-
13
C-HMBC	of	hexa-porphyrin-HPB	10.	
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Figure	S39.	HRMS	(ESI)	of	hexa-porphyrin-HPB	10.	
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Figure	S40.	
1
H	NMR	spectrum	of	hexa-nickel-porphyrin	HPB	10
.
Ni6	after	Scholl	oxidation.	Mixture	of	isomers.	
	
	
	
Figure	S41.	Normalized	UV/Vis	spectrum	of	hexa-nickel-porphyrin	HPB	10
.
Ni6	before	(orange)	and	after	(green)	
Scholl	oxidation.	
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Figure	S42.	
1
H	and	
13
C	NMR	of	hexa-zinc-porphyrin-HBC	11
.
Zn6.	
	
Figure	S43.	
1
H-
1
H	COSY	of	hexa-zinc-porphyrin-HBC	11
.
Zn6.	
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Figure	S44.	
1
H-
13
C-HSQC	of	hexa-zinc-porphyrin-HBC	11
.
Zn6.	
	
Figure	S45.	
1
H-
13
C-HMBC	of	hexa-zinc-porphyrin-HBC	11
.
Zn6.	
HSQC
HMBC
10 Appendix – Supporting Information 
 256 
	S53	
	
Figure	S46.	HRMS	(ESI)	of	hexa-zinc-porphyrin-HBC	11
.
Zn6.	
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Figure	S47.	
1
H	and	
13
C	NMR	of	hexa-free-base-porphyrin-HBC	11.	
	
Figure	S48.	
1
H-
13
C	HSQC	of	hexa-free-base-porphyrin-HBC	11.	
1H	NMR	(500 MHz,	CDCl3,	rt)
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Figure	S49.	
1
H-
13
C	HMBC	of	hexa-free-base-porphyrin-HBC	11.	
	
	
Figure	S50.	HRMS	(ESI)	of	hexa-free-base-porphyrin-HBC	11.	
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Supporting	Information	
	
Synthesis	of	a	Porphyrin-Hexaarylbenzene-Hexabenzocoronene	Triad	
Max	M.	Martin,	Norbert	Jux	
	
	
	
	
	
Data	of	reactions	performed	in	the	microwave	reactor	
	
Microwave	reactions	were	carried	out	in	a	mono-mode	microwave	reactor	Biotage	Initiator
+
.		
	
	
Power	(W) Temperature (°C) Pressure (bar)
Porphyrin	Synthesis	in	Microwave Reactor
NNH
N HN
t-Bu t-Bu
t-Bu
t-Bu
t-But-Bu
H
N
t-But-Bu
Si
OO
+ +
1) I2, CH2Cl2, 40 °C, µW
2) p-Chloranil (in flask)
1
2
3
4
Si
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2	
	
	
	
	
	 	
Power	(W) Temperature (°C) Pressure (bar)
Hexaphenylbenzene Synthesis	in	Microwave Reactor
I
I
+ Ph2O
260 °C
µWO
t-Bu t-Bu
t-But-Bu
t-Bu
t-Bu t-Bu
t-Bu
t-Bu t-Bu
5
6 7
Power	(W) Temperature (°C) Pressure (bar)
Porphyrin-HAB-HBC	Synthesis	in	Microwave Reactor
Zn
t-Bu
t-Bu t-Bu
t-Bu
t-Bu
Ar
Ar
Ar
N
N
N
N
Ar = 3,5-di-tert-butylphenyl
t-Bu
t-Bu
t-Bu t-Bu
Zn
N
N N
N
Ar Ar
Ar
t-Bu
t-Bu t-Bu
t-Bu
t-Bu
+O
t-Bu
t-Bu
t-Bu
t-Bu
Ph2O
260 °C
µW
9
10
6
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3	
1
H	NMR,	MS	and	HRMS	spectra	
	
		
	
	
-2.5-2.0-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.0
f1	(ppm)
7.87.98.08.18.28.38.48.58.68.78.88.99.09.19.29.3 1.51.71.9
1H NMR (300 MHz, CDCl3, rt)
 C132H132N4Zn
M = 1839,92
Zn
N
N N
N
MS	(LDI/MALDI)
 C132H132N4Zn
M = 1839,92
Zn
NN
N N
no matrix
matrix:	dhb
=	2,5-dihydroxybenzoic	acid
matrix:	dctb
=	trans-2-[3-(4-tert-
butylphenyl)-2-methyl-2-
propenylidene]malononitrile
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4	
	
	
	
	
HRMS	(MALDI)
 C132H132N4Zn
M = 1839,92
Zn
N
N N
N
matrix:	dctb
-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1	(ppm)
8.58.68.78.88.99.09.19.29.39.4 7.57.67.77.87.98.0 6.87.07.2
1H NMR (400 MHz, CDCl3, rt)
CHCl3
t-Bu
t-Bu
t-Bu t-Bu
Z
n
N
N
N
N
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-But-Bu
t-Bu t-Bu
C176H184N4Zn
M = 2420,82
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5	
	
	
	
6.56.66.76.86.97.07.17.27.37.47.57.67.77.87.98.08.18.28.38.48.58.68.78.88.99.09.19.29.39.4
f2	(ppm)
6.5
7.0
7.5
8.0
8.5
9.0
f1	
(p
pm
)
1H-1H	COSY
MS	(MALDI)
t-Bu
t-Bu
t-Bu t-Bu
Z
n
N
N
N
N
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-But-Bu
t-Bu t-Bu
C176H184N4Zn
M = 2420,82
matrix:	dctb
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6	
	
	 	
HRMS	(APPI)
observed
simulated
t-Bu
t-Bu
t-Bu t-Bu
Z
n
N
N
N
N
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-Bu
t-But-Bu
t-Bu t-Bu
C176H184N4Zn
M = 2420,82
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7	
Data	of	calculated	structures	
	
C								2.578859					-4.622784						0.300714	
C								1.643403					-4.005769					-0.673133	
C								0.415275					-4.603018					-0.976004	
C							-0.457226					-4.024365					-1.911923	
C							-0.110207					-2.792594					-2.525081	
C								1.113228					-2.161765					-2.179253	
C								1.991393					-2.798580					-1.292421	
C							-0.989168					-2.186706					-3.511990	
C							-2.210124					-2.816668					-3.853949	
C							-3.058575					-2.234195					-4.827587	
C							-2.674264					-1.035690					-5.476583	
C							-1.454267					-0.403919					-5.132769	
C							-0.617973					-0.973151					-4.142127	
C							-3.529580					-0.455272					-6.498127	
C							-4.770788					-1.059084					-6.822040	
C							-5.585751					-0.481394					-7.810049	
C							-5.195752						0.670407					-8.497635	
C							-3.967503						1.260971					-8.170809	
C							-3.130106						0.721631					-7.184500	
C								0.609274					-0.297684					-3.755801	
C							-1.052860						0.820079					-5.806042	
C							-2.586334					-4.067353					-3.216445	
C							-4.324127					-2.866175					-5.159042	
C								0.971066						0.936299					-4.351737	
C								2.100182						1.627941					-3.881840	
C								2.894252						1.116869					-2.851259	
C								2.557888					-0.128360					-2.302694	
C								1.443780					-0.850746					-2.750578	
C							-1.853072						1.363305					-6.843799	
C							-1.413941						2.506774					-7.528332	
C							-0.214304						3.146259					-7.195043	
C								0.555186						2.619663					-6.151832	
C								0.153401						1.474850					-5.446549	
C							-4.713741					-4.070977					-4.518623	
C							-5.955854					-4.646230					-4.827592	
C							-6.825633					-4.060933					-5.754127	
C							-6.419077					-2.890922					-6.404862	
C							-5.185528					-2.283627					-6.124355	
C							-1.722637					-4.678218					-2.269030	
C							-2.086097					-5.903807					-1.695171	
C							-3.292618					-6.539604					-2.019670	
C							-4.142571					-5.926023					-2.942679	
C							-3.811201					-4.700337					-3.545172	
C								4.085498						1.892453					-2.277708	
C								3.650484						2.479817					-0.921721	
C								5.284598						0.942363					-2.082450	
C								4.530890						3.038046					-3.206879	
Semi Empirical (PM6)
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8	
C								0.273765						4.360587					-7.993213	
C								1.138468						5.289285					-7.118315	
C								1.112197						3.825166					-9.170452	
C							-0.910958						5.186398					-8.531202	
C							-6.084436						1.324347					-9.561244	
C							-5.232455						1.713563				-10.786168	
C							-7.205664						0.382943				-10.040207	
C							-6.714119						2.583634					-8.933110	
C							-8.167448					-4.718847					-6.093587	
C							-9.212661					-3.663854					-6.506584	
C							-7.918916					-5.691376					-7.263095	
C							-8.728447					-5.491878					-4.883943	
C							-3.615672					-7.892992					-1.377359	
C							-5.064366					-8.340237					-1.649297	
C							-2.648124					-8.937828					-1.968641	
C							-3.421608					-7.794369						0.149170	
C								2.998751					-3.882573						1.424428	
C								2.460764					-2.518598						1.649683	
C								3.250909					-1.390747						1.380476	
C								2.713227					-0.111376						1.526233	
C								1.393758						0.049857						1.974315	
C								0.615101					-1.079975						2.275964	
C								1.143386					-2.358949						2.106555	
C							-2.762973						6.757131						2.010020	
C							-3.831181						7.107892						1.066471	
C							-3.912609						6.109462						0.145960	
C							-2.891937						5.110152						0.498904	
N							-2.219504						5.487139						1.617856	
N							-0.848656						3.010642						1.208966	
C							-1.705245						2.985822						0.070887	
C							-1.420838						1.740312					-0.707291	
C							-0.478296						1.046981					-0.044849	
C							-0.115637						1.827370						1.180850	
C								1.400552						3.827458						4.756043	
N								0.701567						3.408600						3.566584	
C								1.186878						2.176414						3.243219	
C								2.209185						1.748388						4.235074	
C								2.337786						2.745074						5.138920	
C							-0.877131						7.973935						5.096138	
C							-1.309764						7.165069						3.983381	
N							-0.563889						5.975938						3.949545	
C								0.301296						6.037000						5.027629	
C								0.120739						7.276112						5.744180	
C							-2.343678						7.516744						3.075798	
C								1.233964						5.009162						5.409054	
C							-2.651046						3.910903					-0.260060	
C								0.803233						1.398321						2.122645	
C							-3.488819						3.686417					-1.466444	
C								2.059615						5.280212						6.620082	
C							-3.025541						8.823470						3.312032	
C								3.262343						5.979674						6.495108	
C								4.053400						6.224703						7.629734	
C								3.601143						5.777453						8.875986	
C								2.385977						5.082734						9.013844	
C								1.619987						4.827028						7.872207	
C							-2.661132						9.940683						2.557147	
C							-3.300925					11.172873						2.772639	
C							-4.311295					11.247392						3.737337	
C							-4.678225					10.130416						4.509643	
C							-4.028495						8.912179						4.287848	
C							-3.288763						4.465315					-2.609706	
C							-4.045903						4.222760					-3.767663	
C							-5.012764						3.212282					-3.743999	
C							-5.233099						2.431922					-2.595210	
C							-4.459602						2.673120					-1.455360	
C								5.358529						7.014334						7.482747	
C								4.986764						8.507889						7.397914	
C								6.304412						6.789476						8.678412	
C								6.101462						6.584110						6.201952	
C								1.954680						4.601025					10.403468	
C								2.102270						5.751994					11.419556	
C								0.489445						4.127576					10.427262	
C								2.870159						3.424985					10.800040	
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9	
C							-2.909211					12.382006						1.916436	
C							-3.578524					12.211008						0.538047	
C							-3.372427					13.709553						2.546669	
C							-1.377192					12.441226						1.754234	
C							-5.800798					10.272296						5.543518	
C							-5.866101						9.067234						6.500107	
C							-5.571080					11.542063						6.388379	
C							-7.134591					10.380708						4.777422	
C							-6.268516						1.302424					-2.639721	
C							-3.803945						5.083832					-5.012101	
C							-4.465126						6.455916					-4.770751	
C							-2.288650						5.255654					-5.234225	
C							-4.403916						4.446825					-6.280615	
C							-6.673352						0.836107					-1.228054	
C							-7.543223						1.780308					-3.366451	
C							-5.635459						0.125390					-3.404670	
C								3.918917					-4.432406						2.335621	
C								4.420988					-5.731292						2.128058	
C								3.988345					-6.481717						1.017109	
C								3.063885					-5.931332						0.106864	
C								5.403244					-6.303786						3.079398	
C								4.509777					-7.853293						0.803480	
C								4.355562					-3.627297						3.501712	
C								2.589412					-6.732610					-1.046845	
C								3.449761					-3.327167						4.531574	
C								3.850961					-2.535525						5.606099	
C								5.160096					-2.026503						5.683091	
C								6.058599					-2.339459						4.654598	
C								5.664861					-3.135494						3.574837	
C								6.718633					-6.560952						2.670114	
C								7.644282					-7.093636						3.570867	
C								7.279678					-7.377172						4.894474	
C								5.954275					-7.128160						5.291396	
C								5.025339					-6.593232						4.399593	
C								5.331648					-8.133721					-0.299748	
C								5.822841					-9.423344					-0.494608	
C								5.507927				-10.463129						0.399514	
C								4.682335				-10.173970						1.493640	
C								4.188899					-8.882043						1.698332	
C								2.885888					-6.337462					-2.360683	
C								2.395771					-7.073125					-3.438500	
C								1.606108					-8.219246					-3.236010	
C								1.327146					-8.612989					-1.920216	
C								1.814972					-7.881225					-0.834387	
H								0.143980					-5.543737					-0.489577	
H								2.958353					-2.341528					-1.068179	
H							-6.544858					-0.953237					-8.036664	
H							-3.652978						2.165228					-8.698804	
H								2.345742						2.592601					-4.331573	
H								3.171241					-0.540891					-1.495981	
H							-2.024796						2.902102					-8.344142	
H								1.497893						3.101893					-5.879818	
H							-6.244793					-5.576170					-4.330187	
H							-7.073345					-2.436256					-7.153632	
H							-1.406879					-6.378054					-0.980513	
H							-5.087141					-6.401748					-3.215783	
H								4.440158						3.093918					-0.478871	
H								2.760340						3.111393					-1.026051	
H								3.398252						1.693969					-0.193892	
H								6.166781						1.486020					-1.729264	
H								5.072316						0.160666					-1.345400	
H								5.554022						0.446672					-3.021307	
H								3.744726						3.790497					-3.330226	
H								5.405602						3.556166					-2.798604	
H								4.806639						2.665492					-4.198918	
H								1.436354						6.187454					-7.669351	
H								0.592790						5.615962					-6.225726	
H								2.059157						4.798526					-6.785251	
H								1.500696						4.640691					-9.787826	
H								1.968351						3.239553					-8.817620	
H								0.519386						3.171014					-9.818995	
H							-0.563782						6.079790					-9.059593	
H							-1.525933						4.614841					-9.233160	
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H							-1.564279						5.520467					-7.706442	
H							-5.854689						2.120540				-11.589754	
H							-4.483767						2.473832				-10.541637	
H							-4.699418						0.844580				-11.188310	
H							-7.808436						0.856446				-10.822960	
H							-6.797870					-0.543285				-10.459887	
H							-7.889802						0.115568					-9.228265	
H							-7.359292						3.104762					-9.647182	
H							-7.324420						2.328732					-8.059810	
H							-5.950770						3.294496					-8.598673	
H						-10.188369					-4.125481					-6.691250	
H							-9.347741					-2.911478					-5.721598	
H							-8.926546					-3.140445					-7.424800	
H							-8.840129					-6.200830					-7.561609	
H							-7.529270					-5.167733					-8.142864	
H							-7.186475					-6.460480					-6.994687	
H							-9.714453					-5.913039					-5.106612	
H							-8.081326					-6.326376					-4.594216	
H							-8.839288					-4.837621					-4.011973	
H							-5.275816					-9.299236					-1.163532	
H							-5.787426					-7.614615					-1.261383	
H							-5.255671					-8.474716					-2.718858	
H							-2.815457					-9.926909					-1.532010	
H							-2.775320					-9.026671					-3.053309	
H							-1.600826					-8.668605					-1.786252	
H							-4.031172					-6.988947						0.573846	
H							-3.708807					-8.725369						0.648014	
H							-2.379537					-7.592412						0.418316	
H								4.282958					-1.517306						1.057706	
H								3.310036						0.769848						1.275436	
H							-0.405948					-0.951059						2.633093	
H								0.532544					-3.235400						2.317671	
H							-4.414253						8.008460						1.140777	
H							-4.575934						6.010809					-0.693030	
H							-1.919608						1.509042					-1.635456	
H							-0.013164						0.107380					-0.297584	
H								2.715515						0.800422						4.183075	
H								2.979527						2.807935						6.000780	
H							-1.279659						8.936658						5.345274	
H								0.674596						7.566155						6.614865	
H								3.577445						6.335775						5.514560	
H								4.195583						5.973952						9.768718	
H								0.677566						4.284839						7.933814	
H							-1.878026						9.849907						1.804646	
H							-4.834170					12.190214						3.901329	
H							-4.287034						8.021417						4.859408	
H							-2.534732						5.250435					-2.597176	
H							-5.609280						3.010403					-4.634195	
H							-4.592908						2.080663					-0.551743	
H								5.875837						9.135141						7.283989	
H								4.328711						8.709438						6.545122	
H								4.458692						8.838448						8.298713	
H								5.865060						7.140841						9.617917	
H								6.550732						5.729051						8.797219	
H								7.246097						7.331706						8.542035	
H								7.065089						7.095199						6.111166	
H								6.295208						5.506269						6.199340	
H								5.527369						6.817357						5.298228	
H								1.746426						5.454451					12.410938	
H								3.143799						6.070155					11.530621	
H								1.522222						6.627900					11.108324	
H								0.191163						3.817772					11.434353	
H							-0.194464						4.925346					10.116056	
H								0.326206						3.269645						9.766158	
H								3.922685						3.723885					10.830801	
H								2.609185						3.034234					11.788371	
H								2.785840						2.599826					10.084600	
H							-3.336990					13.044760					-0.128187	
H							-3.251665					11.289503						0.044269	
H							-4.668838					12.162680						0.628578	
H							-2.950724					13.842659						3.548902	
H							-3.052988					14.564653						1.941493	
H							-4.462832					13.764226						2.629406	
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H							-0.988256					11.573872						1.209485	
H							-1.069762					13.333712						1.200361	
H							-0.876925					12.466110						2.728696	
H							-6.651974						9.201628						7.250842	
H							-6.087079						8.135022						5.968761	
H							-4.921437						8.930370						7.038297	
H							-6.327670					11.638262						7.173520	
H							-4.589737					11.518756						6.874946	
H							-5.615822					12.452291						5.781862	
H							-7.980768					10.479621						5.464278	
H							-7.149025					11.247299						4.109001	
H							-7.310231						9.491522						4.161745	
H							-4.311491						7.127102					-5.620363	
H							-5.544354						6.353183					-4.616068	
H							-4.055252						6.947431					-3.881906	
H							-2.072379						5.712831					-6.211898	
H							-1.828579						5.885019					-4.467088	
H							-1.777148						4.283181					-5.214162	
H							-4.203773						5.060632					-7.163325	
H							-3.972878						3.452833					-6.460826	
H							-5.489848						4.331040					-6.202832	
H							-7.438896						0.054960					-1.276581	
H							-5.822870						0.415246					-0.680159	
H							-7.080053						1.661681					-0.634865	
H							-8.315884						1.005463					-3.357080	
H							-7.958764						2.672956					-2.887903	
H							-7.344130						2.026219					-4.414881	
H							-6.323302					-0.722015					-3.484245	
H							-5.346329						0.408526					-4.423911	
H							-4.728120					-0.235909					-2.906723	
H								2.429124					-3.703105						4.481178	
H								3.133057					-2.305424						6.392872	
H								7.080655					-1.964859						4.677766	
H								6.379154					-3.377269						2.789315	
H								7.016414					-6.354423						1.643133	
H								8.656892					-7.291555						3.222320	
H								5.642388					-7.350937						6.311358	
H								4.006927					-6.390907						4.727590	
H								5.575556					-7.342708					-1.007270	
H								6.457606					-9.624305					-1.356753	
H								4.411881				-10.950582						2.206881	
H								3.560269					-8.671945						2.562343	
H								3.486090					-5.445631					-2.536015	
H								2.623252					-6.744055					-4.452588	
H								0.725862					-9.499010					-1.722914	
H								1.599502					-8.208260						0.181824	
C								5.542052					-1.124656						6.859780	
C								4.813379						0.222758						6.679073	
H								5.094981						0.701301						5.734553	
H								5.054575						0.918302						7.488587	
H								3.725534						0.096760						6.666527	
C								5.105512					-1.788277						8.182165	
H								5.544395					-2.786596						8.284884	
H								4.018181					-1.899817						8.244547	
H								5.419917					-1.195868						9.046925	
C								7.059521					-0.867729						6.931207	
H								7.426168					-0.347108						6.040407	
H								7.619518					-1.803639						7.031304	
H								7.312071					-0.242867						7.794425	
C								8.267480					-7.985978						5.893103	
C								8.109815					-7.311907						7.271476	
H								8.853322					-7.683692						7.983207	
H								7.122972					-7.498145						7.707805	
H								8.235509					-6.226269						7.195185	
C								9.729707					-7.806438						5.440878	
H							10.424412					-8.213121						6.183173	
H								9.977395					-6.748106						5.305693	
H								9.930709					-8.322722						4.496320	
C								7.951289					-9.491222						6.004381	
H								8.628608					-9.990760						6.703215	
H								8.047868					-9.988257						5.032907	
H								6.928188					-9.661848						6.354977	
C								6.064107				-11.864575						0.134450	
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C								7.598772				-11.780422						0.001199	
H								8.041275				-12.771918					-0.135140	
H								8.047146				-11.335519						0.896215	
H								7.902241				-11.169013					-0.854426	
C								5.732003				-12.854140						1.267783	
H								6.153317				-13.843695						1.060872	
H								4.651562				-12.983765						1.389079	
H								6.144025				-12.520457						2.226093	
C								5.446315				-12.390288					-1.177344	
H								5.794688				-13.402182					-1.404630	
H								5.703194				-11.755087					-2.031152	
H								4.353074				-12.419803					-1.113931	
C								1.039456					-8.964328					-4.447552	
C								0.490485				-10.354430					-4.071605	
H								1.263913				-10.977857					-3.610671	
H								0.128435				-10.885639					-4.958280	
H							-0.350720				-10.285291					-3.374094	
C								2.144087					-9.158256					-5.506495	
H								3.005385					-9.687873					-5.085958	
H								2.504949					-8.202163					-5.900283	
H								1.778874					-9.739476					-6.358954	
C							-0.103671					-8.107917					-5.026537	
H								0.253143					-7.125998					-5.357256	
H							-0.884375					-7.924366					-4.278715	
H							-0.572930					-8.593049					-5.887032	
Zn						-0.728207						4.476573						2.587654	
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C								5.322254					-0.769629					-0.074397	
C								4.340498						0.361775					-0.004903	
C								4.225724						1.278196					-1.048057	
C								3.337134						2.360298					-0.993153	
C								2.501710						2.516343						0.147768	
C								2.577848						1.556268						1.195504	
C								3.513769						0.518267						1.105938	
C								1.599593						3.641528						0.250700	
C								1.537233						4.600322					-0.799034	
C								0.657125						5.714105					-0.691938	
C							-0.151660						5.873406						0.468883	
C							-0.087538						4.914346						1.518801	
C								0.786931						3.797230						1.408619	
C							-1.052337						7.001472						0.575080	
C							-1.146969						7.948055					-0.485731	
C							-2.063691						9.004703					-0.377259	
C							-2.866940						9.147017						0.744661	
C							-2.762934						8.242718						1.791751	
C							-1.862257						7.168323						1.735248	
C								0.830021						2.804941						2.461575	
C							-0.895556						5.085189						2.707095	
LUMO+1	(-2.0eV) LUMO	(-2.1eV)
HOMO	(-4.7eV) HOMO-1	(-5.1eV)
DFT	calculations (B3LYP,	631G*)
HOMO-2	(-5.2eV) HOMO-3	(-5.2eV)
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C								2.367850						4.440767					-1.973688	
C								0.590041						6.687980					-1.760710	
C								0.001000						2.940554						3.611239	
C							-0.002552						1.920734						4.574364	
C								0.795553						0.795245						4.430073	
C								1.634418						0.674159						3.331609	
C								1.682826						1.670005						2.345014	
C							-1.748912						6.218012						2.839686	
C							-2.466383						6.396786						4.032003	
C							-2.373126						5.480768						5.069903	
C							-1.571429						4.356841						4.933463	
C							-0.833065						4.130410						3.762755	
C								1.407134						6.541230					-2.918769	
C								1.331572						7.507348					-3.933039	
C								0.478761						8.595926					-3.825926	
C							-0.325213						8.740671					-2.704983	
C							-0.293933						7.801720					-1.663543	
C								3.257743						3.332295					-2.082077	
C								4.047981						3.201454					-3.233029	
C								3.976397						4.128663					-4.262015	
C								3.117576						5.212989					-4.160786	
C								2.307284						5.394728					-3.030377	
C								4.855792					-2.101566					-0.116351	
C								3.382092					-2.371664					-0.122256	
C								2.748519					-2.975420						0.972805	
C								1.372649					-3.194394						0.972556	
C								0.582670					-2.822086					-0.125959	
C								1.221269					-2.235155					-1.228975	
C								2.595986					-2.012006					-1.225159	
C							-7.267720					-2.594147					-0.005628	
C							-8.134081					-1.440304					-0.229896	
C							-7.315238					-0.370601					-0.368185	
C							-5.953613					-0.874586					-0.221826	
N							-5.951823					-2.227518					-0.024072	
N							-3.057136					-1.795108					-0.183464	
C							-3.484237					-0.487436					-0.219589	
C							-2.304871						0.326649					-0.173183	
C							-1.215758					-0.501222					-0.119746	
C							-1.683884					-1.857297					-0.135279	
C							-2.712961					-6.067059						0.097305	
N							-2.709962					-4.701015						0.071894	
C							-1.397682					-4.342612					-0.059844	
C							-0.540999					-5.520995					-0.156859	
C							-1.360897					-6.594746					-0.060524	
C							-7.436619					-6.396541						0.542858	
C							-6.976794					-5.061782						0.290913	
N							-5.607268					-5.138538						0.173495	
C							-5.176577					-6.437775						0.318959	
C							-6.348756					-7.228374						0.558630	
C							-7.763589					-3.902666						0.184044	
C							-3.848547					-6.892103						0.252203	
C							-4.815365					-0.042419					-0.280833	
C							-0.899208					-3.023192					-0.109065	
C							-5.012707						1.436983					-0.411909	
C							-3.639548					-8.370448						0.368677	
C							-9.246517					-4.088596						0.285165	
C							-2.959414					-8.913612						1.470447	
C							-2.766073				-10.290665						1.583632	
C							-3.248961				-11.151296						0.595968	
C							-3.927232				-10.624707					-0.504728	
C							-4.121160					-9.247320					-0.616523	
C							-9.958941					-3.566251						1.376470	
C						-11.339562					-3.740522						1.476981	
C						-12.032860					-4.438353						0.486078	
C						-11.336944					-4.960785					-0.605509	
C							-9.955689					-4.788231					-0.704218	
C							-5.593142						2.171867						0.623642	
C							-5.757270						3.563489						0.532021	
C							-5.330227						4.190997					-0.641675	
C							-4.749536						3.486224					-1.712103	
C							-4.595512						2.105276					-1.575011	
C							-4.311271						4.247579					-2.977984	
C							-6.398938						4.330069						1.703872	
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C							-7.860560						3.851994						1.878674	
C							-5.611874						4.048788						3.005490	
C							-6.410969						5.853586						1.475381	
C							-3.685556						3.317460					-4.034627	
C							-5.540380						4.941491					-3.611928	
C							-3.259651						5.316726					-2.600871	
C								5.774025					-3.172747					-0.160424	
C								7.161572					-2.910513					-0.177265	
C								7.628581					-1.577517					-0.152905	
C								6.709562					-0.506291					-0.093760	
C								8.137276					-4.049054					-0.213390	
C								9.101715					-1.298765					-0.199580	
C								5.264986					-4.584081					-0.175633	
C								7.204569						0.908841					-0.048531	
C								4.564594					-5.085802					-1.282047	
C								4.066489					-6.388987					-1.281291	
C								4.259483					-7.213046					-0.171143	
C								4.960746					-6.726887						0.933519	
C								5.462255					-5.425471						0.928785	
C								8.982470					-4.299118						0.877506	
C								9.884167					-5.362579						0.853741	
C								9.961692					-6.191718					-0.266452	
C								9.128737					-5.950520					-1.360067	
C								8.222873					-4.890392					-1.331919	
C								9.766383					-0.734520						0.898632	
C							11.136006					-0.475728						0.847989	
C							11.864285					-0.771502					-0.305382	
C							11.213280					-1.330846					-1.406008	
C								9.844930					-1.594268					-1.351416	
C								7.025985						1.693312						1.100175	
C								7.485250						3.009566						1.143498	
C								8.124014						3.567171						0.034880	
C								8.303097						2.797988					-1.115929	
C								7.849741						1.479661					-1.155295	
H								4.866447						1.141238					-1.909067	
H								3.620024					-0.188441						1.918443	
H							-2.170069						9.726285					-1.177491	
H							-3.404709						8.377427						2.653499	
H							-0.651335						1.983442						5.439307	
H								2.229785					-0.225175						3.233956	
H							-3.096333						7.266774						4.169073	
H							-1.512201						3.662394						5.762156	
H								1.944682						7.422788					-4.821384	
H							-0.974176						9.605639					-2.648449	
H								4.734156						2.370880					-3.337108	
H								3.086776						5.919752					-4.980384	
H								3.339265					-3.273208						1.834694	
H								0.897534					-3.647304						1.838172	
H								0.631668					-1.952161					-2.096550	
H								3.066414					-1.548564					-2.087941	
H							-9.212482					-1.462860					-0.294153	
H							-7.588589						0.655276					-0.568170	
H							-2.305634						1.405979					-0.162635	
H							-0.178056					-0.209712					-0.061332	
H								0.530115					-5.515992					-0.302472	
H							-1.092724					-7.640275					-0.111011	
H							-8.469425					-6.666994						0.703048	
H							-6.341969					-8.293683						0.733812	
H							-2.588540					-8.246916						2.243910	
H							-3.097874				-12.223974						0.683444	
H							-4.641929					-8.840248					-1.478976	
H							-9.419017					-3.027570						2.150082	
H						-13.108522					-4.573159						0.563613	
H							-9.416959					-5.187568					-1.559110	
H							-5.906849						1.642530						1.518148	
H							-5.444542						5.264599					-0.735009	
H							-4.152130						1.517587					-2.370449	
H							-8.337377						4.373413						2.718193	
H							-8.450427						4.049896						0.975952	
H							-7.912396						2.776633						2.080032	
H							-6.067118						4.587093						3.846098	
H							-5.606641						2.984272						3.260020	
H							-4.571001						4.377439						2.916419	
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H							-6.862842						6.351677						2.341054	
H							-5.398636						6.255601						1.352078	
H							-6.999560						6.131936						0.593675	
H							-3.374824						3.907261					-4.904351	
H							-2.796278						2.806515					-3.649036	
H							-4.392574						2.557111					-4.386294	
H							-5.243700						5.491188					-4.513761	
H							-6.302520						4.206453					-3.895226	
H							-6.002748						5.655840					-2.922763	
H							-2.940347						5.870533					-3.491988	
H							-3.653015						6.042821					-1.882417	
H							-2.372163						4.855216					-2.154277	
H								4.403819					-4.446613					-2.145712	
H								3.527354					-6.759773					-2.149263	
H								5.118793					-7.361514						1.801701	
H								6.012632					-5.054957						1.789033	
H								8.932991					-3.652639						1.749105	
H							10.528021					-5.541296						1.711086	
H								9.181369					-6.589803					-2.237577	
H								7.572182					-4.712905					-2.183572	
H								9.203517					-0.492674						1.795766	
H							11.633287					-0.039514						1.710519	
H							11.771041					-1.565212					-2.309093	
H								9.344724					-2.035387					-2.209049	
H								6.520522						1.268756						1.963206	
H								7.339499						3.601176						2.043638	
H								8.797243						3.223858					-1.985367	
H								7.999188						0.882356					-2.050583	
H							-3.673538					-2.600383					-0.145840	
H							-4.993809					-4.339024						0.051792	
H							12.931042					-0.567665					-0.346213	
H							10.665325					-7.019794					-0.286918	
H							-4.302280				-11.285573					-1.282054	
H							-2.241681				-10.690951						2.447555	
H								3.868669					-8.227147					-0.168282	
H								8.477229						4.594428						0.066872	
H						-11.873036					-3.333578						2.332134	
H						-11.869654					-5.499106					-1.385211	
H								4.595494						4.007026					-5.146544	
H								0.440806						9.336182					-4.620393	
H								0.759675						0.005362						5.175217	
H							-2.927631						5.644192						5.989767	
H							-3.577000						9.967265						0.803579	
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 S2 
 
 
Figure S 1. 1H (top) and 13C (bottom) NMR spectra of naphthalene-monoimide 3. 
 
Figure S 2. HRMS (APPI) of naphthalene-monoimide 3. 
HRMS	(APPI)
observed
simulated
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 S3 
 
Figure S 3. 1H (top) and 13C (bottom) NMR spectra of naphthalene-alkyne 7. 
 
Figure S 4. HRMS (MALDI) of naphthalene-alkyne 7. 
HRMS	(MALDI)
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 S4 
 
Figure S 5. 1H (top) and 13C (bottom) NMR spectra of porphyrin-naphthalene-tolan 13. 
 
Figure S 6. HRMS (MALDI) of porphyrin-naphthalene-tolan 13. 
050100150200
120125130135140145150155160 89.290.2
-2024681012
7.47.67.88.08.28.48.68.8
1H	NMR	(600 MHz,	CDCl3,	rt)
13C	NMR	(151 MHz,	CDCl3,	rt)
Ni
NN
N N
N N
O
O
O
O
C101H106N6NiO4
M = 1526,6904
HRMS	(MALDI)
Ni
NN
N N
N N
O
O
O
O
C101H106N6NiO4
M = 1526,6904
10 Appendix – Supporting Information 
 281 
 
 S5 
 
Figure S 7. 1H (top) and 13C (bottom) NMR spectra of porphyrin-naphthalene-HPB 15. 
 
Figure S 8. HRMS (MALDI) of porphyrin-naphthalene-HPB 15. 
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 S6 
 
Figure S 9. 1H (top) and 13C (bottom) NMR spectra of porphyrin-naphthalene-HBC 17. 
 
Figure S 10. HRMS (APPI) of porphyrin-naphthalene-HBC 17. 
HRMS	(APPI)
observed
simulated
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 S7 
 
Figure S 11. 1H (top) and 13C (bottom) NMR spectra of perylene-alkyne 8. 
 
Figure S 12. HRMS (MALDI) of perylene-alkyne 8. 
HRMS	(MALDI)
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 S8 
 
Figure S 13. 1H (top) and 13C (bottom) NMR spectra of porphyrin-perylene-tolan-14. 
 
Figure S 14. HRMS (APPI) of porphyrin-perylene-tolan 14. 
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 S9 
 
Figure S 15. 1H (top) and 13C (bottom) NMR spectra of porphyrin-perylene-HPB 16. 
 
Figure S 16. HRMS (MALDI) of porphyrin-perylene-HPB 16. 
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 S10 
 
Figure S 17. 1H (top) and 13C (bottom) NMR spectra of porphyrin-perylene-HBC 18. 
 
Figure S 18. HRMS (APPI) of porphyrin-perylene-HBC 18. 
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 S11 
 
Figure S 19. HRMS (MALDI) of porphyrin-perylene-HBC 18. 
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